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ASTRONOMY 


"EXPLAINED UPON 
Six ISAAC NEW TON's PaINctrLESs. 


CHAP. I. 
Of Aſtronomy in general. 


undoubtedly is, the molt ſublime, the 
moſt intereſting, and the moſt uſeful. For, by know- 
ledge derived from this ſcience, not only the bulk 
of the earth is diſcovered, the fituation and extent 
of the countries and kingdoms upon it aſcertained, 

trade and commerce carried on to the remoteſt 
part of the world, and the various products of 
ſeveral countries diſtributed tor the health, comfort, 
and conveniency of its inhabitants; but our very 
faculties are enlarged with the grandeur of the ideas 
it conveys, our minds exalted above the low con- 


tracted prejudices of the vulgar, and our under- 
ſtandings clearly convinced, and affected with 


the conviction of the exiſtence, wiſdom, power, 


goodneſs, immutability, and ſuperintendency of the 


SUPREME BEING]! So that without an ** 


perbole, 


* An undevont Aſtronbmer is mad * .” 5 

2. From this branch of knowledge we alſo learn 
by what means or laws the Almighty carries on, 
and continues the wonderful harmony, order, and 
connexion obſervable throughout the planetary 
ſyſtem; and are led by very powerful arguments to 
form chis pleaſing deduction, that minds capable of 


* Dr, Youxc's Night Thoughts. 
B 


5 


F all the ſciences cultivated by mankind, The general 


Aſtronomy is acknowledged to be, and *{ofAfio- 
nomy. 


4 Of Afironomy in general. 


ſuch deep reſearches, not only derive their origin 
from that adorable Being, but are alſo incited to 


aſpire after a more perfect knowledge of his nature, 


and a ſtricter conformity to his will. 


The Earth z. By Aſtronomy we diſcover that the Earth is 
but a point 


> 010 great a diſtance from the Sun, that if ſeen from 


the Sen. thence it would appear no bigger than a point; 
although its circumference is known to be 25,020 
miles. Yet that diſtance is ſo ſmall, compared 
with the Earth's diſtance from the Fixed Stars, 
that if the orbit in which the Earth moves round 
the Sun were ſolid, and ſeen from the neareſt 
Star, it would likewiſe appear no bigger than a 
point, although it is about 162 millions of miles 
in diameter. For the Earth in going round the 
Sun 1s 162 millions of miles nearer to ſome of the 
„Stars at one time of the year, than at another; 
and yet their apparent magnitudes, fituations, and- 
diſtances from one another {till remain the ſame; 
and a teleſcope which magnities above 200 times, 
does not ſenſibly magnity them: which proves 
them to be at leaſt 400 thouſand times farther 
from us than we are from the Sun. 

4. It is not to be imagined that all the Stars are 
placed in one Concave ſurface, ſo as to be equally 
diſtant from us; but that they are placed at im- 
mente diſtances from one another through unli- 
mited ſpace. So that there may be as great a diſ- 
tance between any two neighbouring Stars, as be— 

tween our Sun and thoſe which are neareſt to him. 
"Therefore an Obſerver, who is neareſt any fixed 
Star, Will look upon it alone as a real Sun ; and 
conſider the reſt as ſo many ſhining points, placed 
at equal diſtances from him in the Firmament. 


Th Stzrs 
atc Sans, 


5. By the help of teleſcopes we diſcover thouſands 


of 1 which are inviſible to the bare eye; and 
4:1. the better our glaſſes are, ſtill the more become 


me:zblc. * vilible: fo that we can ſet no limits either to their 


number or their diſtances. The celebrated Hur— 
GENS carried his thoughts fo far, as to believe it 
at 
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Of Aſtronomy in general. 


rot impoſſible that there may be Stars at ſuch 
inconceivable diſtances, that their light has not yet 
reached the Earth ſince its creation; although 
the velocity of light be a million of times greater 
than the velocity of a cannon-ball, as ſhall be 
demonſtrated afterward, $ 197. 216: and, as 
Mr. Apps very juſtly obſerves, this thought is 
far from being extravagant, when we conſider that 
the Univerſe is the work of infinite power, prompted . 
by infinite goodneſs ; having an infinite ſpace to 

exert itſelf in; ſo that our imaginations can ſet no 
bounds to it. 


6. The San appears very bright and large in Why the 
compariſon of the Vixed Stars, becauſe we keep eats goers 


bigger than 


conſtantly near the Sun, in compariſon of our im- th: Stars. 


2 6 


2 1 4h") >) — Fr hes 


Vi 
* 


menſe diſtance from the Stars. For, a a ſpectator 
placed as near to any Star as we are to the Sun, 
would ſee that Star a body as large and bright as 
the Sun appears to us: and a ſpectator, as far 
diſtant from the Sun as we are from the Stars, 
would ſee the Sun as ſmall as we ſee a Star, di- 
veſted of all its circumvolving planets; and would 
reckon it one of the Stars in numbering them. 


7. The Stars being at ſuch immenſe diſtances The Stars 


are not ene 


from the Sun, cannot poſſibly receive from him fo ig 


ſtrong a light as they ſeem to have; nor any bright- by the Sun. 


neſs ſuſhcient to make them viſible to us. For 


the Sun's rays muſt be ſo ſcattered and diſſipated 


before they reach ſuch remote objects, that they 
can never be tranſmitted back to our eyes, ſo as 
to render theſe objects viſible by reflection. The 
Stars therefore ſhine with their own native and un- 
borrowed luſtre, as the Sun does ; and fince each 
Particular Star, as well as the Sun, f is confined to a 
particular portion of ſpace, it is plain that the Stars 


are of the ſame nature with the Sun. 


8. It is no ways probable that the Almighty, 
who always acts with infinite wiſdom, and does no- 
thing in vain, ſhould create ſo many glorious Suns, 
fit for ſo many important purpoles, and place them 

B 2 at 


4 Of Aftronomy in general. 


at ſuch diſtances from one another, without pro- 
per objects near enough to be benefited by their 
They are influences. Whoever imagines they were created 
probably only to give a faint glimmering light ro the inha- 
by Planet. bitants of this Globe, muſt have a very ſuperficial 
knowledge of Aſtronomy, and a mean opinion of 
the Divine Wiſdom : ſince, by an infinitely leſs 
exertion of creating power, the Deity could have 
given our Earth much more light by one ſingle ad- 
ditional Moon, 

9. Inſtead then of one Sun and one World only 
in the Univerſe, as the unſkilful in Aſtronomy 
imagine, that Science diſcovers to us ſuch an in- 
conceivable number of Suns, Syſtems, and Worlds, 
diſperſed through boundleſs Space, that if our Sun, 
with all the Planets, Moons, and Comets, belong- 
ing to it, were annihilated, they would be no more 
miſſed, by an eye that could take in the whole 
Creation, than a grain of ſand from the ſea-ſhore. 
The ſpace they poſſeſs being comparatively fo 
ſmall, that it would ſcarce be a ſenſible blank in 
the Univerſe, although Saturn, the outermoſt of 
our planets, revolves about the Sun in an Orbit | 
of 4884 millions of miles in circumference *, and 3 
ſome of our Comets make excurſions upward of 
ten thouſand millions of miles beyond Saturn's 
Orbit ; and yet, at that amazing diſtance, they are 
incomparably nearer to the Sun than to any of the 
Stars; as is evident from their keeping clear of 
the attractive power of all the Stars, and returning 

: periodically by virtue of the Sun's attraction. 
1 The fcller 10. From what we know of our own Syſtem, it 
1 be babit- may be reaſonably concluded that all the reſt are 
1 able, with equal wiſdom contrived, ſituated, and pro- 
vided with accommodations for rational inhabit- 
ants. Let us therefore take a ſurvey of the 
Syſtem to which we belong; the only one acceſ- 
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IM, | *The Georgian Planet, diſcovered fince Mr. Ferguſon's 
| time, revolves round the Sun in an Orbit 5673 millions of 


ſible 


nil. es in circumference. 


Of Aſeronomy in general. 


fible to us; and from thence we ſhall be the better 


enabled to judge of the nature and end of the 
other Syſtems of the Univerſe. For althnouvgn 
there is almoſt an infinite variety in the parts of 
the Creation, which we have opportunities of exa- 
mining, yet there is a general analogy running 
through and connecting all the parts into one 
ſcheme, one deſign, one whole! 

11. And then, to an attentive. conſiderer, it will 


appear highly probable, that the Planets of our 


Syitem, together with their attendants called Satel-, , Selar 
lites or Moons, are much of the ſame nature with Planer are. 
our Earth, and deſtined for the like purpoſes. 
For they are ſolid opaque Globes, capable of ſup- 
porting animals and vegetables. Some, of them 
are bigger, ſome leſs, and ſome much about the 
ſize of our Earth. They all circulate round the 
Sun, as the Karth does, in a ſhorter or longer 
time, according to their reſpective - diſtances from 
him; and have, where it would not be inconve- 
nient, regular returns of ſummer and winter, ſpring 
and autumn. They have warmer and colder 
climates, as the various productions of our Earth 
require: and, in ſuch as afford a poſſibility of 
diſcovering it, we obſerve a regular motion round 


their axes like that of our Earth, cauſing an alter- 


nate return of day and night; which is neceffary 
for labour, reſt, and vegetation, and that all parts 
" their ſurfaces may be expoſed to the rays of the 
un. | 
12. Such of the Planets as are. fartheſt from the Thefartheſt 
Sun, and therefore enjoy leaſt of his light, have ow 98 
that deficiency made up by ſeveral Moons, which oft Moons 


to enlighten 
conſtantly accompany, and revolve about them, har aights- 


as our Moon revolves about the Earth. The 


remoteſt Planet has, over and above, a broad ring 
encompalling it; which like a lucid Zone in the 
Heavens reflects the Sun's light very copiouſly on 
that Planet : ſo that if the - remoter Planets have 


the Sun's light fainter by day than we, they have 
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an addition made to it morning and evening by 
one or more of their* Moons, and a greater quan- 
tity of light in the night-time. 
Our Mon 13. On the ſurface of the Moon, becauſe it is 
dus ne nearer to us than any other of the celeſtial Bodies 
the Earth, Are, We diſcover a nearer reſemblance of our Earth. 
For, by the aſſiſtance of teleſcopes, we obſerve the 
Moon to be full of high mountains, large valleys, 
and deep cavities. Theſe ſimilarities leave us no 
room to doubt, but that all the Planets and 
Moons, in the Syſtem, are deſigned as commodious 
habitations for creatures endowed with capacities 
of knowing and adoring their beneficent Creator. 
14. Since the Fixed Stars are prodigious ſpheres 
of fire, like our Sun, and at inconceivable dif- 
tances from one another, as well as from us, it is 
reaſonable to conclude they are made for the tame 
purpoſes that the Sun is; each to heſtow light, 
heat, and vegetation on a certain number of in- 
habited Planets, kept by gravitation within the 
ſphere of its activity. 


Nomberleſs What an auguſt, what an amazing concep- 
Suns and 


Worlss. tion, if human imagination can conceive it, does 
this give of the works of the Creator! Thouſands 
of thouſands of Suns, multiplied without end, and 
ranged all around us, at immepſe diſtances from 
each other, attended by ten thouſand times ten 
thouſand worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably keeping the 
paths preſcribed them; and theſe worlds peopled. 
with.myriads of intelligent beings, formed tor end- 
leſs progreſſion in perfection and felicity! 

16. If ſo much power, wiſdom, goodneſs, and 
magnificence is diſplayed in the material Creation, 
which is the leaſt conſiderable part of the Univerſe, 
how great, how wiſe, how good muſt HE be, who 
made and governs the . hole ! 
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Of the Solar Syſtem. 
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A brief Deſcription of the SOLAR SYSTEM. 
17. H E Sun, with the Planets and Comets PEATE [. 


which move round hitn as their center, con- 


Fig. I. 


Kitute the Solar Syſtem. Thoſe Planets which are 
near the Sun nor only finiſh their circuits ſooner, 
but likewiſe move faſter in their reſpective Orbits, J Selat 


than thoſe which are more remote from him. Their 


Syſtem. 


motions are all performed from weſt to eaſt, in 


Orbits nearly circular. Their names, diſtances, 


bulks, and periodical revolutions, are as follow: 


18. The Sun ©, an immenſe globe of tire, 15 The Sun. 
placed near the common center, or rather in the 
lower“ focus, of the Orbits of all the Planets and 
Comets Þ ; and turns round his axis in 25 days 
6 hours, as is evident by the motions of ſpots ſeen 
on his ſurface. His diameter is computed to de fis. 


763,000 miles; and, by the various attractions of 


the circumvolving Planets, 


he 1s agitated by a 


* If the two ends of a tkread be tied together, and the 
thread be then thrown looſely round two pins ſtuck in a table, 
and moderately firetched by the point of a black-lead pencil 
carried round by an even motion and 1: ght preſſure of the hand, 
an oval or ellipſis will he deſcribed; and the points where the 
pins are fixed are called the foci or focuſes of the elipſis. The 


Orbits of all the Planets are el iptical, and the Sun is placed 
in or near one of the Yori of each of them: 
he is placed, is called the loæver focus. 


and at in which 


+ Aſtronomers are not far from the truth when they reckon 
the Sun's center to be 1n the lower focus of ail the Planetary 


Orbits. Though, ſtrictly ſpeaking, 


if we conſider the f. cus Of 


Mercury's Orbit to bein the Sun's center, the focus of Venns's 


Orbit will be in the common center of gravity of the Sun and 


Mercury; the focus of the E 


arth's Orbit in the common center 


of gravity of the San, Mercury, and Venus; the focus of the 


Orbit of Mars in the common center of orav ity of the 8 


Sun, 


Mercury, Venus, and the Earth ; and to of the rſt. Yet the 
tocuſes of the Orbits of all the Planers EXCEPT Saturn, Will not 
be ſenſibly removed from the center of the Sun; nor will the 
focus of Saturn's Orbit recede ſenſibly from che common center 


of gravity of thie Suu and Jupiter, 


B 4 


ſmall 
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PLATE I. ſmall motion round the center of gravity of the 
Syſtem. All the Planets, as ſeen from him, move 
the ſame way, and according to the order of the Signs 
in the graduated Circle P8 H, &. which re- 
preſent: the great Ecliptic in the Heavens : but, as 
ſeen from any one Planet, the reſt appear ſome- 
times to go. backward, ſometimes forward, and 
ſometimes to ſtand till ; not in circles nor ellipſes, 
but * in looped curves, which never return into 
themſelves. - The Comets come from all parts of 
the Heay ens, and move in all ſorts of directions. 

19. Having mentioned the Sun's turning round 
his axis, and as there will be frequent occaſion to 
ſpeak of the like motion of the Earth and other 
Planets, it is proper here to inform the young Tyro 
in Aſtronomy, that neither the Sun nor Planets 
have material axes to turn upon, and ſupport them, 

Tue Ares AS in the little imperfect machines contrived to 

of the Via. repreſent them. For the axis of a Planet is a line 

nets, whats conceived to be drawn through its center, about 


which it revolves as if on a real axis. The extre- 


mities of this line, terminating in oppoſite points 
of the Planet's ſurface, are called its Poles, That 
which points toward the northern part of the 
Heayens, is called the North Pole; and the other, 
Pointing toward the ſcutbern part, is called the 
South Polg, A bowl whirled from one's hand into 
the open air, turns round ſuch a line within itſelf, 
while it moves forward; and ſuch are the lines 
we mean, when we ſpeak of the Axes of the 
Heavenly bodies. 

Their Qr- 20, Let us ſuppoſe rhe Earth's Orbit to be a 

j0 3 thin, even, ſolid plane; cutting the Sun through 

plane with the center, and extended out as far as the Starry 

the Eclipt.c. 
the Ecliptic. This Circle we ſuppole to be divided 
into 12 equal parts, called Sigus; each Sign into 
20 equal parts, called Drees; each Degree into 
bo equal parts, called Minutes ; and every Minute 


As repreſented in Plate III. Fig. J. and deſcribed $ 138. 
into 
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into 60 equal parts, called Seconds : ſo that a Second PLATE 1. 


is the both part of a Minute; a Minute the 6oth 
part of a Degree; and a Degree the 36cth part of 
a Circle, or 3oth part of a Sign. The Planets of 
the Orbits of all the other Planets likewiſe cut the 
Sun in halves; but extended to the Heavens, form 
Circles different from one another, and from the 
Eciiptic z one half of each being on the north 


ſide, and the other on the ſouth fide of it. Conſe- Their 
quently the Orbit of each Planet crofles the Eclip- _ 


tic in two oppoſite points, which are called the Pla- 
net's Nodes. I heſe Nodes are all in different parts 
of the Ecliptic; and therefore, if the planetary 
Tracks remained viſible in the Heavens, they would 
in ſome meaſure reſemble the different ruts of 
waggon-wheels crofling one another in different 
parts, but never going far aſunder. That Node, 


or Interſection of the Orbit of any Planet with the 
Earth's Orbit, from which the Planet aſcends north- 


ward above the Ecliptic, is called the A/cending 
Node of the Planet: and the other, which is di 
rectly oppoſite thereto, is called its Deſcending Node. 


Saturn's Aſcending Node & is in 21 deg. 32 min. of bod 
Cancer S, Jupiter's in 8 deg. 49 min. of the fame 


Sign, Mars's in 18 deg. 22 min. of Taurus 8, 
Venus's in 14 deg. 44 min. of Gemini n, and 
Mercury's in 16 deg. 2 min. of Taurus. Here 
we conſider the Earth's Orbit as the ſtandard, and 
the Orbits of all the other Planets as oblique to it. 


21. When we ſpeak of the Planets Orbits, all The Pla- 
nets Writs, 
what. | 


that is meant is their paths through the open and 
unreſiſting Space in which they move; and are 


kept in by the attractiye power of the Sun, and 


the projectile force impreſſed upon them ar firſt : 
between which power and force there is ſo exact 
an adjuſtment, that they continue in the ſame 
tracks without any ſolid Orbits to confine them. 


In the year 1790. 
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PLATE I. 
Mercury. 


Fig. I. 


22. MERCURY, the neareſt Planet to the Sun, 
goes round him, in the circle marked 8, in 87 
days 23 hours of our time nearly; which is the 

length of his year. But being ſeldom ſeen, and 
no ipots appearing on his ſurface or diſc, the time 
of his rotation on his axis, or the length of his 
days and nights is as yet unknown. His diſtance 
from the Sun is computed to be 32 millions of 
wiles, and his diameter 2600, In his courſe 
rovad the Sun, he moves at the rate of 95 thou- 
land miles every hour. His light and heat from 
the Sun are almoſt ſeven times as great as ours ; 
and the Sun appears to him tlmoſt ſeven times as 

Moy be in- large as to us. The great heat on this Planet is 

cl. no argument againſt its being inhabited; fince 
the Almighty could as eaſily ſuit the bodies and 
conſtitutions of its inhabitants to the heat of their 
dwelling, as he has done ours to the temperature 
of our Earth. And it is very probable that the 
people there have ſuch an opinion of us, as we 
have of the inhabitants of Jupiter and Saturnz * 
namely, that we muſt be intolerably cold, and 
have very little light at ſo great a diſtance from 
ERS _ 8 
ae wich . This Planet appears to us with all the vari» 
the Moon. OUS 1 of the Moon, when viewed at different 
times by a good teleſcope: ſave only that he never 
appears quite Full, becauſe his enlightened ſide is 
never turned directly toward us, but when he is 
fo near the Sun as to be loſt to our fight in its ſt 
beams. And, as his enlightened fide is always to- 
Ward the Sun, it is plain that he ſhines not by any 
light of his own; for if he did, he would con- 
ſtantly appear round. That he moves about the Wi 
Sun in an Orbtt within the Earth's Orbit, is allo %* 
plain 8 will be more largely ſhewn by and by, 
S141, S ſeq.) becauſe he is never ſeen oppoſite 
to the Sun, nor above 56 times the Sun's breadth. 
from his center, 


r 0 24. His 
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24. His Orbit is inclined ſeven degrees to the ne 
Ecliptic; and that Node, & 20, from which he au Nodes. 
aſcends northward above the Ecliptic, is in the 
16th degree of Taurus; and the oppoſite node is 
in the 16th degree of Scorpio. The Earth is in 
theſe points on the 7th of Ncvemoer and 5th of May 
and when Mercury comes to either of his Nodes 
at his * inferior Conjunction about theſe times, he 
will appear to paſs over the diſc or face of the Sun, 
like a dark round ſpot. But in all other parts of 
his Orbit his Conjunctions are inviſible, becauſe 
he either goes above or below the Sun. 

25. Mr. WaistoN has given us an account of Wb be 
ſeveral periods at which Mercury may be ſeen on as it vpn 
the Sun's diſc, viz, In the year 1782, Nev. 12th, * sn. 
at 3 h. 44 m. in the afternoon: 1786, May 4th 
at 6 h. 57. m. in the forenoon; 1789, Nov. 5th, at 
3 h. 55 m. in the afternoon; and 1799, May 7th, 
at 2 h. 34 m. in the afternoon, There will be 


ſeveral intermediate Tranſits, but none of them vitt- 
ble at London. 


26. VENus, the next Planet in order, is com- Venus. 
puted to be 59 millions of miles from the Sun; 

and by moving at the rate of 69 thouſand miles x;, I. 
every hour in her Orbit, in the circle marked 9, ſhe 
goes round the Sun in 224 days 17 hours of our 
time, nearly; in which, though it be the full 
length of her year, ſhe has only 94 days, accord- 
ing to BLANCHiNI's obſervations+; ſo that, to her, 
| every 


* When he 1s between the Earth and the Sun in the nearer 
part of his Orbit. | | 

+ The elder Caſſini had concluded from obſervations made 
vy himſelf in 1667, that Venus revolved on her axis in a little 
more than 23h. becauſe in 24h. he found that a ipot on her 
jurface was about 15% more advanced than it was the day 
before ; and it appeared to him that the ſpot was very ſenſibly 
2dvanced in a quarter of an hour. In 1728, Bianchini pub— 
:ithed a ſplendid work, in folio, at Rome, entitled /f-/peri. et 
SP re/ſphari nova phænomena; in which are the oblervations _ 

| | VELETIC 
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PLATE I. every day and night together is as long as 244 days 
and nights with us. This odd quarter of a day in 
every year makes every fourth year a leap-year to 
Venus; as the like does to our Earth. Her dia- 
meter 1s 7906 miles; and by her diurnal motion 
the inhabitants about her Equator are carried 43 
miles every hour, beſide the 69,c00 above- men- 
tioned. 

Her Orbit 27. Her Orbit includes that of Mercury within 

Hes between. | ie : s 

the Earth it; for at her greateſt Elongation, or apparent diſ- 

and Mer- tance from the Sun, ſhe is 96 times the breadth 

2 of that luminary from his center; which is almoſt 
double of Mercury's greateſt Elongation. Her 
Orbit is included by the Earth's; for it it were not, 
ſhe might be ſeen as often in Oppoſition to the Sun, 
as ſhe is in Conjunction with him; but ſhe was 
never ſeen go degrees, or a fourth part of a Circle, 

* from the Sun. 5 

morning 28. When Venus appears weſt of the Sun, ſhe 

See excving riſes before him in the morning, and is called the 

ens. Morning Siar: when ſhe appears eaſt of the Sun, 

ſhe ſhines in the evening after he ſets, and is then 
called the Evening Star: being each in its turn 

for 290 days. It may perhaps be ſurpriſing at 

firſt, that Venus ſhould keep longer on the eaſt or 

weſt of the Sun, than the whole time of her Pe- 

_ riod round him. But the difficulty vaniſhes when 

we conſider that the Earth is all the while going 

round the Sun the ſame way, though not ſo quick 

as Venus: and therefore her relative motion to 


referred to. Bianchini agrees perfectly with Caſſini that the 
ſpots, which are ſeen on the ſurtace of Venus, advance about 
15% in 24h, but he aſſerts that he could not perceive they 
had made any advance in 3h. and therefore concludes, that 
inftead of making one complete revolution and 159 of ano» 
ther, as Caſſini conjectured, in 24h. thoſe {pots advance but 
the odd 15 in that time, and that the time of a revolution 
is ſomewhat more than 24 days. The arguments in fayour of 
the two hypotheſes are very equal; but almoſt every aſtrono- 
mer, except Mr, Ferguſon, has adopted Caſſini's. | 


the 


days | Of the Solar Syſlem. ", 


Im the Earth muſt in every period be as much ſlowet 
* than her abſolute motion in her Orbit, as the 


dia- Earth during that time advances forward in the 
1 Ecliptic; which is 220 degrees. To us ſhe ap— 
13 pears through a teleſcope in all the various ſhapes 


nen- of the Moon. 
2209. The Axis of Venus is inclined 75 degrees 


_ | to the Axis of her Orbit; which is 514 degrees 
: — more than our Earth's Axis is inclined to the Axis 


of the Ecliptic: and therefore her ſeaſons vary 
noſt much more than ours do. The North Pole of her 
* Axis inclines toward the 20th degree of Aqua- 
rius, our Earth's to the beginning of Cancer; 
1 conſequently the northern parts of Venus have 
© ſummer in the Signs where thoſe of our Earth 
have winter, and vice ver/d. 

30. The * artificial day at each Pole of Venus eo. 
is as long as 1125+ natural days on our Earth. al 
3 31. The Sun's greateſt Declination on each fide abs 
of her Equator amounts to 75 degrees; therefore 8 
her { Tropics are only 15 degrees from her Poles; OT 
and her] Polar Circles as far from her Equator, 

} Conſequently the Tropics of Venus are between 
her Polar Circles and her Poles; contrary to what 
thoſe of our Earth are. 

32. As her annual R evolution contains only 9 The Sans 
of her days, the Sun will always appear to go“ 2 
through a whole Sign, or twelſth part of her 
Orbit, in a little more than three quarters of her 


w_ 
8 
=p 

* 


* The time between the Sun's riſin g and ſetting. 

+ One entire revolution, or 24 hours. 

I Thee are leſſer circles parallel to the Equator, and as 
many degrees from 1t, toward the Poles, as the Axis of the 
Planet is 1nclined to the Axis of its Orbit. When the Sun is 
advanced ſo far north or ſouth of the Equator, as to be directly 
over either Tropic, he goss no farther ; but returns towar 
the other. | | 

Theſe are lefler circles round the Poles, and as far from 
them as the Tropics, are from the Kquator, The Poles are 
the very north ang ſo uth points of the Planer, 


natural 


—— 


r 
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14 the Solar Syſtem: 
natural day, or nearly in 184 of our days and 
nights. | 
dans 33. Becauſe her day is ſo great a part of her 
„peur, the Suu changes his Declination in one day 


{) much, that if he paſſes vertically, or directly 
over head) of any given place on the Tropic, the 
next day he will be 26 degrees from it: and what— 
place he paſſes vertically over when in the 
„ one day's revolution will remove him 
-cgrces from it. So that the Sun changes 
 4Yeciination every day in Venus about 14 de- 
CES more, at a mean rate, than he does in a quarter 
of a year on our Earth. This appears to be pro- 
videntially ordered, for preventing the too great 
effects ot the Sun's heat (which is twice as great on 
Venus as on the Earth) ſo that he cannot ſhine 
perpendicularly on the fame places for two days 
together; and on that account, the heated places 

have time to cool. 
To deter- 34. If the inhabitants about the North Pole of 
nettzefthe Venus fix their South, or Meridian Line, through 
Compals « that part of the Heavens where the Sun comes to 
be Pais. his greateſt Height, or North Declination, and call 
thoſe the ealt and weſt points of their Horizon, 
which are go degrees on each ſide from that point 


where the Horizon is cut by the Meridian Line, 


theſe inhabitants will have the following remark- 
able appearances. 
The Sun will riſe 221 degrees“ north of the 
ealt, and going on 11245 degrees, as meaſured on 
the plane of the 4 Horizon, he will croſs the Me- 
ridian at an altitude of 1245 degrees; then making 
an entire revolution without ſetting, he will croſs 
it again at an altitude of 484 degrees; at the 
next revolution he will croſs the Meridian as he 
comes to his greateſt height and declination, at the 


* A Degree is a 360th part of any Circle. See & 21. 
+ The limit of any inhabitant's view, where the Sky ſeems 
to touch the Planet all round him. | 


altitude 


5 Of the Solar Syſtem. 15 


td altitude of 75 degrees; being then only 15 degrees Surprifing 
from the Zenith, or that point of the Heavens 4 
er which is directly over head: and thence be will 
ty deſcend in the like ſpiral manner ; croſling the 
ly Meridian firſt at the altitude of 484 degrees; next 
10 at the altitude of 123 degrees; and going on thence 
t- 1121 degrees, he will let 224 degrees north of the 
1e welt; ſo that, after having been 4+ revolutions 
m above the Horizon, he deſcends below it to exhibit 
es the like appearances at the South Pole. 
35. At each Pole, the Sun continues half a year 
er = without ſetting in ſummer, and as long without | 
»- 3 riſing in winter; conſequently the polar inhabi- | 
at tants of Venus have only one day and one night in | 


n the year; as it is at the Poles of our Earth. But 2 
e the difference between the heat of ſummer and cold | 
's of winter, or of mid-day and mid-night, on Ve- 
23 nus, is much greater than on the Earth: becauſe 

on Venus, as the Sun is for half a year together | 
)f MF} above the Horizon of each Pole in its turn, ſo he 


- -—_ —_ — —  — — —— — 


his for a conſiderable part of that time near the Ze 
o nith; and during the other half of the year always 
11 below the Horizon, and for a great part of that 


1, time atleaſt 70 degrees from it. Whereas, at the 
it Poles of our Earth, although the Sun is for half a 


* Can Doe i VEGAS Veen — ˙ — — . 


-, FF year together above the Horizon; yet he never aſ- 
:- 3 cends above, nor deſcends below it, more than 23+ | 
degrees. When the Sun is in the Equinoctial, or | 
1 in that Circle which divides the northern half of | 
n the Heavens from the ſouthern, he is Jſeen with | 
. one half of his Diſc above the Horizon of the | 
9 North Pole, and the other half above the Horizon | 
5 of the South Pole; ſo that his center is in the Hori- | 
* zon of both Poles : and then deſcending below the | 
E Horizon of one, he aſcends gradually above that | 
7 of the other. Hence, in a year, each Pole has one 


ſpring, one autumn, a ſummer as long as them | 
both, and a winter equal in length to the other | 
three ſeaſons, 

36. Ar 
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36. At the Polar Circles of Venus, the ſeaſons 
are much the ſame as at the Equator, becauſe 
there are only 15 degrees between them, § 31 ; 
only the winters are not quite ſo long, nor the 
ſummers ſo ſhort : but the four ſeaſons come twice 
round every year. 

37. At Venus's Tropics, the Sun continues for 
about fifteen of our weeks together without ſetting 


in ſummer; and as long without riſing in winter. 


While he is more than 15 degrees from the E qua- 
tor, he neither riſes to the inhabitants of the one 
Tropic; nor ſets to thoſe of the other : whereas; 
at our terreſtrial Tropics, he riſes and ſets every 
day of the year. 

38. At Venus's Tropics, the Seaſons are much 
the ſame as at her Poles; only the ſummers are a 
little longer, and the winters a little ſhorter. 


39. At her Equator, the days and nights are 


always of the ſame length; and yet the diurnal 
and nocturnal Arches are very different, eſpecially 
when the Sun's declination is about the greateſt : 
for then, his meridian altitude may ſometimes be 
twice as great as his midnight depreſſion, and at 
other times the reverſe. When the Sun is at his 
greareſt declination, either north or ſouth; his 


rays are as oblique at Venus's Equator, as they 


are at London on the ſhorteſt day of winter. 


Therefore, at her Equator there are two winters; 


two ſummers, two ſprings, and two autumns every 
year. But becauſe the Sun ſtays for ſome time 


near the Tropics, and paſſes ſo quickly over the 
Equator, every winter there will be almoſt twice as 
long as ſummer : the four ſeaſons returning twice 


in that time, which conſiſts only of 94 days. 

40. Thoſe parts of Venus which lie between the 
Poles and Tropics, and between the Tropics and 
Polar Circles, and alſo between -the Polar Circles 
and Equator, partake more or leſs of the Pheno- 
mena ot thele Circles, as they are more or leis diſ- 
tant t from them. 

41. From 
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41. From the quick change of the Sun's decli- 
nation it happens, that if he riſes due eaſt on any 


us; for if the place where he riſes due eaſt be on 
the Equator, he will ſet on that day almoſt weſt- 
Z north-weſt; or about 184 degrees north of the 
welt. But if che place be in 45 degrees north latt- 
*Z tude, then on the day that the Sun riſes due eaſt 


4% ** * Ag ny ** 9 
8 6 A . 5 «Koa. * 


of the welt. And in 62 degrees north latitude, 
2 when he riſes in the eaſt, he ſets not in that revo- 
lution, but juſt touches the Horizon 10 degrees to 


the weſt of the north point: and aſcends again, 


continuing for 34 revolutions above the Horizon 
without ſetting, Therefore no place has the fore- 
* noon and afternoon of the ſame day equally long 
2 unleſs it be on the Equator, or at the Poles. 
42. The Sun's altitude at noon, or any other 
time of the day, and his amplitude at riſing and 


parallel of latitude, according to the different loa— 
gitudes of thoſe places, the longitude will be almoſt 
as ealily found on Venus, as the latitude is found 
on the Earth: which is an advantage we can never 
have, becauſe the daily change of the Sun's decli- 
nation is by much too ſmall for that important 
= purpoſe. 


hour next year; and will croſs the Equator 90 de- 


our days) later every year. Hence, although the 
& {ſpiral in which the Sun's motion is performed be 
of the ſame fort every ycar, yet it will not be the 
very ſame, becauſe the Sun will not paſs vertically 
over the ſame Places till tour annual revolutions 
3 are finiſhed. 


he will ſet north-weſt by weſt, or 33 degrees north 


grees farther to the weſt ; which makes the time 
of the Equinox a quarter of a day (or about ſix of 


C 44. We 


Great diffe- 
rence of the 
Sun's am- 


day, he will not ſet due weſt on that day, as with Pitede at 


riſing and 
ſetting. 


The lonęi- 
tu de of 
places eaſily | 


# ſetting, being very different at places on the ſame found in 
| ſenus. 


43. On this Planet, where the Sun croſſes the Her Equi- 
Equator in any year, he will have 9 degrees of gu. 


declination from that place on the ſame day and day forward 
every year. 


xes ſhiſt a 
Alter ofa 


17 


18 


Every 
fourth year 
a leap-year 
to Venus. 


When ſhe 
will appear 
on the Sun. 


She may 
have a 
Moon, al- 
though we 


cannot ſee 


it. 


known. But theſe appearances happen very ſel- 


in the evening. Excepting ſuch Tranfits as theſe, 


lightened fide can never be fully turned toward [ 
us, but when Venus is beyond the Sun; and then, 1 
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44. We may ſuppoſe that the inhabitants of 
Venus will be careful ro add a day to ſome par- 
ticular part of every fourth year; which will keep 
the ſame ſeaſons to the ſame days. For, as the 
great annual change of the Equinoxes and Solſtices 
ſhifts tne ſeaſons a quarter of a day every year, 
they would be ſhifted through all the days of the 
year in 36 years. But by means of this inter- 

calary day, every fourth year will be a leap- year; 
which will bring her time to an even reckoning, 
and keep her Calendar always right. 1 

45. Venus's Orbit is inclined 3 degrees 24 mi- 
nutes to the Earth's; and croſſes it in the 15th de- 
gree of Gemini and of Sagittarius; and therefore, 
when the Earth is about theſe points of the Eclip- 
tic at the time that Venus is in her inferior conjune- 
tion, ſhe will appear like a ſpot on the Sun, and 
afford a more certain method of finding the diſtances 
of all the Planets from the Sun, than any other yet 


dom; and will be only twice viſible at London for- 
one hundred and ten years to come. The firſt 
time will be in 1761, June the 6th, in the morn- 
ing; and the ſecond in 1769, on the zd of June 


the ſhews the ſame appearances to us regularly i 
every eight years; her Conjunctions, Elongations, 
and Times of rifing and ſetung, being very — I 
the fame, on the ſame days, as before. 4 

46. Venus may have a Satellite or Moon, al. 7 
though it be undiſcovered by us: which will not 9 4 
appear very ſurpriſing, if we conſider how incon- 8 
veniently we are placed for ſeeing it. For its en- 


as Venus appears little bigger than an ordinary L 
Star, her Moon may be too ſmall to be perceived 

at ſuch a diſtance. When ſhe is between us and 
the Sun, her full Moon has its dark fide toward 4 
us; and then we canuot ſee it any more than we 
can our own Moon at the time of Change, When 

Dy ” venus 
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Venus is at her greateſt Elongation, we have but 


one half of the enlightened fide of her Full Moon 
toward us; and even then it may be too far diſ- 
tant to be ſeen by us. But if ſhe has a Moon, it 
may certainly be ſeen with her upon the Sun, in 
the year 1761: unleſs its Orbit be conſiderably 
inclined to the Ecliptic : for if it ſhould be in con- 
junction or oppoſition at that time, we can hardly 
imagine that it moves ſo ſlow as to be hid by 
Venus all the fix hours that ſhe will appear on the 
Sun's Diſc *. 


47. The Earrtn is the next Planet above Venus The rant. 
in the Syſtem, It is 82 millions of miles from pig. 1. 
the Sun, and goes round him, in the circle @, in 
365 days 5 hours 49 minutes, from any Equi- 
nox or Solſtice to the ſame again: but from any 
fixed Star to the ſame again, as ſeen trom the Sun, 
in 365 days 6 hours and 9 minutes; the former 1ts diurnal 
being the length of the Tropical year, and the magen, 
latter the length of the Sydereal. It travels at 
the rate of 58 thouſand miles every hour; which 
motion, though 120 times ſwifter than that of a 
cannon-ball, is little more than half as ſwift as 
Mercury's motion in his Orbit. The Earth's dia- 
meter is 7970 miles; and by turning round its 
Axis every 24 hours from Weſt to Eait, it cauſes 
an apparent diurnal motion of all the heavenly 
Bodies from Eaſt ro Weſt. By this rapid motion 
of the Earth on its Axis, the inhabitants about 
the Equator are carried 1042 miles every hour, 
while thoſe on the parallel of London are carried 
only about 580, belide the 58 thouſand miles by 
the annual motion above-mentioned, which is com- 
mon to all places whatever. 

48. The Earth's Axis makes an angle of 235 inclination 


1 
degrees with the Axis of its Orbit; and keeps * . 


* Bota her tranſits are over ſince this was written, and no 
Satellite was ſeen with Venus on the Sun's Diie. 
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always the ſame oblique direction; inclining to- 
ward the ſame fixed Stars“ throughout its annual 
courſe, which cauſes the returns of ſpring, ſum- 


mer, autumn, and winter; as will be explained at 


A proof of 
its being 
round, 


Its number 
of ſquare 
miles. 


The pro- 
wmortion of 
tand aud ſca. 


large in the tenth Chapter. 

49. The Earth is round like a globe; as ap— 
pears, 1. By its ſpadow in Eelipſes of the Moon; 
which ſhadow is always bounded by a circular line, 
§ 314 2. By our ſeeing the maſts of a fhip while 
the hull is hid by the convexity of the water. 


3. By its having been ſailed round by many navi- 


ators. The hills take off no more from the 
roundneſs of the Earth in compariſon, than grains 
of duſt do from the roundneſs of a common 
Globe. 15 

50. The ſeas and unknown parts of the Earth 
(by a mcaſurement of the belt Maps) contain 160 
million 522 thouſand and 26 ſquare miles; the 
inhabited parts 38 million 990 thouſand 56g : 
Europe 4 million 456 thouſand and 65; Aja 10 


million 768 thouſand 823; Africa 9 mithon 654 


thouſand 807; America 14 million 110 thouſand 
874. In all, 199 million 512 thouſand 595; 
which is the number cf ſquare miles on the whole 
ſurtace of our Globe. Fo 


51. Dr. Loxsc, in the firſt volume of his Aſtro- 


nomy, p. 168, mentions an ingenious and eaſy me— 
thod of finding nearly what proportion the land 

ears tothe ſea; which is, to take the papers of a 
large terreſtrial globe, and after ſeparating the land 
from the ſea with a pair of ſciflars, to weigh them 
caretully in ſcales. This ſuppoſes the globe to be 


exactly delineated, and the papers all of equal 
Thickneſs, The Doctor made the experiment on 


Yatlons, 


* This is not ſtrictly true, as will appear when we come to 
treat of the Receflion of the Equinoctial Points in the Heavens, 
8 2460; which receſſion is equal to the deviation of the Earth's 
Axis from its paralleliſm ; but this is rather too ſmall to be 
teuſible in an age, except to thoſe who make very nice obſer- 
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che papers of Mr. Sexrx's ſeventeen-inch globe; 
and found that the ſea-papers weighed 349 grains, 
: and the land only 124: by which it appears that 
* almoſt three-fourth parts of the ſurface of our Earth 
between the Polar Cirqqes are covered with water, 
and that little more than one-fourth is dry land. 
> The Doctor omitted weighing all within the Polar 
Circles; becaule there is no certain meaſurement 
of the land within them, ſo as to know what pro- 
portion it bears to the ſea, ID 


52. The Moon is not a Planet, but only a Satel- The Moon. 
te or Attendant of the Earth; going round the 
Earth from Change to Change in 29 days 12 hours 
and 44 minutes; and round the Sun with it every 

ear. The Moon's diameter is 2189 miles; and 
5 diſtance from the Earth's center 240 thouſand. 
She goes round her Orbit in 27 days 7 hours 43 
minutes, moving about 2290 miles every hour; 
and turns round her Axis exactly in the time that 
he goes round the Earth, which is the reaſon of 
her kceping always the fame fide toward us, and 
7 that her day and night taken together is as long as 
# our lunar month. 

53. The Moon is an opaque Globe like the 
Earth, and ſhines only by reflecting the light of 
the Sun ; therefore while that halt of her which is 
toward the Sun is enlightened, the other halt muſt. | 
be dark and inviſible. Hence, ſhe diſappears when tter phateg, 
the comes between us and the Sun; becauſe her 
dark fide is then toward us. When ſhe is gone 
a little way forward, we ſee a little of her enlight- 
| 2 encd fide: which ſtill increaſes to our view, as ſhe 

7 =dvances forward, until ſhe comes to be oppoſite 
oO the Sun; and tben her whole enlightened tide is 
toward the Earth, and the appears with a round 
1lumined Orb, which we call the Full-Moon; her 

Lark ſide being then turned away from the Earth. 
From the Full ſhe ſeems to decreaſe gradually as 
T8 ſac ges through the other half of her courſe ; ſhew- 
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ing us leſs and leſs of her enlightened fide every 
day, till her next change or conjunction with the 
Zun, and then the diſappears as before. 
Aproofthat 34. This continual change of the Moon's phaſes 
mee demonſtrates that ſhe ſhines not by any light of 
own light. her OW. ; for if ſae did, being globular, we thould 
„ always ice her with a round full Orb like the Sun. 
Her Orbit is revrelented in the Scheme by the 
Pig. l. little circle m, upon the Earth's Orbit ꝙ: but it 
is drawu fifty times too large in proportion to the 
Earth's; and yet is almoſt too ſmall to be ſeen in 
the Diagram. 


One half ot 5 5. The Moon has ſcarce any difference of ſea- 
er being almoſt perpendicular to the 
ed. Ecliptic. What is very ſingular, one half of her 
has no darknels at all; the Earth conſtantly afford- 
ing it a ſtrong light in the Sun's N while 
the other half has a fortnight's darknels and a fort- 
night's light by turns. 

Our Farth 5 Our Earth is a Moon to the Moon, waxing 
wer pkoon and weaning regularly, but appearing thirteen times 
as big, and «ftording her thirteen times as much 
light, as ſhe does to us. When ſhe changes to us 
the Earth appears full to her; and when ſhe is in 
her firſt quarter to us the Earth is in its third quar- 

ter to her; and vice verſd. 
7. But from one half of the Moon, the Earth 
is never ſeen at all: from the middle of the other 
half, it is always ſeen over head; turning round al- 
moſt thirty times as quick as the Moon does. 
From the circle which limits our view of the Moon, 
only one half of the Earth's fide next her is ſeen ; 
the other half being hid below the Horizon of all 
places on that circle, To her, the Earth ſeems to 
be the biggeſt body in the Univerſe; for it ap- 

cars thirteen times as big as ſhe does to us. 

The Moon has no Atmoſphere of any viſi- 
ble entry ſurrounding her as we. have : for if ſhe 
had, we could never ſee her edge ſo well defined 
as it appears; but there would be a ſort of a miſt 


OT 
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or hazineſs around her, which would make the 

Stars look fainter, when they are ſeen through it. 

2X But obſervation proves, that the Stars which diſap- A proof of 

_ the Moon's 

es pear behind the Moon, retain their full luſtre until having no 

of they ſeem to touch her very edge, and then they aue 

dd Z vaniſh in a moment. This has been often obſerved Pere. 

n. by Aſtronomers, but particularly by Cass1x1 of 

e the Star Y in the breaſt of Virgo, which appears 

it ſingle and round to the bare eye; but through a 

le > refracting Teleſcope of 16 feet appears to be two 

n Scars ſo near together, that the diſtance between 
them ſeems to be but equal to one of their appa- 

rent diameters. The Moon was obſerved to paſs 

e over them on the 21ſt of April, 1720, N. S. and as 


r ber dark edge drew near to them, it cauſed no 
l- change in their colour or ſituation. At 25 min. 


e 14 ſec. paſt 12 at night, the moſt weſterly of theſe 

- Stars was hid by the dark edge of the Moon: and 

in 230 ſeconds afterward, the moſt eaſterly Star was 

g hid: each of them diſappearing behind the Moon 

s in an inſtant, without any preceding diminution 

h of magnitude or brightneſs; which by no means 

3s cculd have been the caſe if there were an Atmo- 

n ſphere round the Moon; for then, one of the Stars 

- falling obliquely into it before the other, ought by 
refraction to have ſuffered ſome change in its co- 


nn lour, or in its diſtance from the other Star which 
r was not yet entered into the Atmoſphere. But no 
- F A4fuch alteration could be perceived, though the ob- 
- 3 _ flervation was performed with the utmoſt attention 
„ to that particular; and was very proper to have 
- made ſuch a diſcovery. The faint light, which has 
1 X been ſeen all round the Moon, in total Echples of 
> dhe Sun, has been obſerved, during the time of 
- = darkneſs, to have its center coincident with the 
= center of the Sun; and was therefore much more 
- = likely to ariſe from the Atmoſphere of the Sun, 
> By than from that of the Moon; for if it had been 
1 owing to the latter, its center v. would have gone 
t alon g with the Moon's. 
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59. If there were ſeas in the Moon, ſhe could 
have no clouds, rains, nor ſtorms, as we have; 
becauſe ſne has no ſuch Atmoſphere to ſupport 
the vapours which occaſion them. And every one 
knows, that when the Moon is above our Horizon 
in the night-time, ſhe is viſible, unleſs the clouds 
of our Aunoſphere hide her from our view; and 
all parts of her appear conſtantly with the ſame 
clear, ſerene, and calm afſpet. But thoſe dark 
parts of the Moon, which were for merly thought 
to be ſeas, are now found to be only vaſt deep 
cavities, and places which reflect not the Sun's 
Iight ſo ſtrongly as others, having many caverns 
and fits, whoſe ſhadows fall within them, and are 
always dark on the fides next the Sun; which de- 
monf{trates their being hollow: and moſt of theſe 


pits have little knobs like hillocks ſtanding within 


them, and caſting ſhadows alſo; which cauſe theſe 


places to appear darker than others which have 


fewer, or leis remarkable caverns. All theſe ap- 
pearances ſhew that there are no ſeas in the Moon; 
for if there were any, their ſurfaces would appear 
ſmooth and even, like thoſe on the Earth. 

60. There being no Atmoſphere about the 
Moon, the heavens in the day-time have the ap- 


peararce of night to a Lunarian who turns his 
back toward the Sun; and when he does, the Stats 


appear as bright to him as they do in the night io 
us. For, it is entirely owing to our Atmoſphere 
that the Heavens are bright about us in the day. 
61. As the Earth turns round its Axis, the 
ſeveral continents, ſeas, and iſlands appear to the 


Moon's inhabitants like ſo many ſpots of different 


forms and brightneſs, moving over its ſurface ; 
but much fainter at ſome times than others, as our 
clouds cover them or leave them. By 'thele ſpots 
the Lunarians can determine the time of the 
varths diurnal motion, Juſt as we do the motion 
of the Sun: and perhaps they meaſure their time 


a by 


* ' * e 2 4 1 * — 
— — 5 


, 4 
* e . 3 n 2 FL LO = A . _ f \ 
RS. £5 „ w ² dä 3 Bo FEY AE 
LIE k — * 3 X nr Ci /: PE. 2 3 — Wir "IS 1 9 5 _ 
A OT Nt IE 3 e n 


1 1 oy 5 
8 5 


- K 
W 2 8 a. SIG UM 8 . : 
X nd L. LA N 4 4 l 7 EIA - : : 
rr > 8 a CLLR > halt ECOL MSC oe. 
— : e - 


_ F * 9 
1. 24 


me 
_—_ 
- 


Lunariars, having always equal dav and. night, 
” muſt have recourſe to another method; and we 
may ſuppoſe, they meaſure their year by obſerving 
® when either of the Poles of our Earth begins to 


is always at our Fquinoxes; they being conve— 


known to us. Hence we may conclude, that the 
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by the motion of the Farth's ſpots; for they can» 
not have a truer dial, 
62. The Moon's Axis is ſo nearly perpendicular 
to the Eclipric, that the Sun never removes ſen- 
fbly from her | Equator: and the * obliquity of 
her Orbit, which 1s next to nothing as ſeen from 
the Sun, cannot cauſe the Sun to decline ſenſibly 
from her Equator. Yet her inhabitants are not 527 be. 
deſtitute of meaus for aſcertaining the length of may know 
their year, though their method and ours muſt f bd 
differ. For we can know the length of our year, 


year by the return of our Equinoxes; but the 


2 enlightened, and the other to diſappear, which 


niently ſituated for obſerving great tracks of land 
about our Eartl:'s Poles, which are entirely un— 


year is of the ſame abſolute length both to the 
Earth and Moon, though very different as to the 
number of days: we having 3654 natural days, 
and the Lunarians only 127 very day and night 
in the Moon being as long as 294 on the Earth. 

62. The Moon's inhabitants on the fide next gades ef 
the Earth may as eafily find the longitude of their their places, 
places as we can find the latitude of ours. For 
the Earth keeping conſtantly, or very nearly fo, 
over one Meridian of the Moon, the eaſt or welt 
diſtances of places from that Meridian are as eaſily 
found, as we can find our diſtance from the 


Equator by the Altitude of our celeſtial Poles, 


The Moon” s Orbit croſſes the Ecliptic in two oppoſite , 
points, c called the Moon's Nodes; ſo that one half of her 
Orbit is above the Ecliptic, and the other half below it, The 
An gle of 1 ite Obliquity! in 54 degrees. 


64. The 


Fig. I. 


PLATE I. 
Mars. 
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64. The Planet Mas is next in order, being [4 
the firſt above the Earth's Orbit. His diſtance ** 


from the Sun is computed to be 125 million of 37 


miles; and by travelling at the rate of 47 thou- 
ſand miles every hour, in the circle &, he goes 
round the Sun in 686 of our days and 23 hours 


which is the length of his year, and contains 667 4 


of his days; every day and night together being 


40 minutes longer than with us. His diameter is 
4444 miles, and by his diurnal rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour. His quantity of light and heat is 


equal but to one half of ours; and the Sun appears 


but half as big to him as to us. 


65. This planet being but a fifth part ſo big as 


the Earth, if any Moon attends him, it muſt be 
very ſmall, and has not yet been diſcovered by 


His Atmo- ſeems to be encompaſſed by a very groſs Atmo- 4 


ſphere and ſphere. He appears ſometimes gibbous, but never 


phaſes. 


How the 
other Pla- 


nets appear 


to Mars. 


our beſt teleſcopes. He is of a fiery red colour, 


and by his Appulſes to ſome of the fixed Stars, 


horned ; which both ſhews that his Orbit includes 


the Earth's within It, and that he ſhines not by his 
own light. 


66. To Mars, our Earth and Moon appear 
like two Moons, a bigger and a leſs: changing 
places with one another, and appearing ſometimes 2? 
horned, ſometimes half or three quarters illumi- 
nated, but never full; nor at moſt above one 
quarter of a degree from each other, although 


they are 240 thouſand miles aſunder. 
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67. Our Earth appears almoſt as big to Mass 1 


3 


as Venus does to us, and at Mars it is never ſeen 


above 48 degrees from the Sun; ſometimes it 
appears to paſs over the Diſc of the Sun, and ſo 7 
do Mercury and Venus: But Mercury can never 
be ſeen from Mars by ſuch eyes as ours, unaſſiſted 


by proper inſtruments ; and Veaus will be as fel- 
dom ſeen as we ſee Mercury. Jupiter and Saturn X 


= 44s 


are as viſible to Mars as to us. His Axis is per- 
. 1 pendicular 3 
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6 pendicular to the Ecliptic, and his Orbit is inclined 
do it in an angle of 1 degree 50 minutes. 


5 
— 


of 

u- 68. JorirER, the biggeſt of all the Planets, is Jupiter. ( 
es ſtill higher in the Syſtem, being about 426 mil- | 
IS lion of miles from the Sun: and going at the rate 

2 of 25 thouſand miles every hour in his Orbit, 

og Which is repreſented by the circle 1. He finiſhes rig. I, 


and 12 hours. He is above 1000 times as big as 
es the Earth, for his diameter is 81,000 miles; which 
is is more than ten times the diameter of the Earth. 


Is 69. Jupiter turns round his Axis in 9 hours 56 TW 20s 
minutes; ſo that his year contains 10 thouſand in be year 


as 470 days; and the diurnal velocity of his equato- 
be rial parts is greater than the ſwiftneſs with which 
dy he moves in his annual Orbit; a ſingular circum- 
Ir, # ſtance, as far as we know. By this prodigious 
rs, quick Rotation, his equatorial inhabitants are car- 
0- ried 25 thouſand 920 miles every hour (which is 


er 920 miles a hour more than an inhabitant of our 


£ 2X Earth's equator moves in twenty-four hours) be- 
is ſide the 25 thouſand above-mentioned, which is 

common to all parts of his ſurface, by his annual 
ar motion. HY | 


1 8 70. Jupiter is ſurrounded by faint ſubſtances, nis Betts 
es called Belts, in which ſo many changes appear, Pots. 
i- that they are generally thought to be clouds; for 


ne ſome of them have been firit interrupted and bro- 


zh ken, and then have vaniſhed entirely. They have 


2X ſometimes been obſerved of different breadrhs, and 
3 afterward have all become nearly of the ſame 
breadth. Large ſpots have been ſeen in theſe 


ſpots diſappear with it. The broken ends of ſome 


the ſame time with the ſpots: only thoſe nearer 
the Equator in ſomewhat leſs time than thoſe near 


ar AM | 6 Belts 


Belts have been generally obſerved to revolve in 


the Poles; perhaps on account of the Sun's greater 
r- 33 Heat near the Equator, which is parallel to the 


Belts; and when'a Belt vaniſhes, the contiguous 
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Belts and courſe of the ſpots. Several large ſpots, 
which appear round at one time, grow oblong by 
degrees, and then divide into two or three round 
ſpots. The periodical] time of the ſpots near the 
I Equator is 9 hours go minutes, but of theſe near 
the Poles 9 hours 56 minutes. See Dr. OMLTH'S 
Optics, & 1924, & ſeq. 
Ne has no 71. The Axis of Jupiter is ſo nearly perpendi- 
e cular to his Orbit, that he has no ſenſible change 
bol ſeaſons; which is a great advantage, and wil-ly 
ordered by the Author of Nature. For, if the 
Axis of this Planet were inclined any conſiderable 
number of degrees, juſt ſo many degrees round 
each Pole would in their turn be almoſt fix of our 
years together in darkneſs. And, as each degree MM)! 
of a great circle on Jupiter contains 706 of our 1 
miles at a mean rate, it is eaſy to judge what vaſt 2 
tracks of land would be rendered uninhabitable by M* 
any conſiderable inclination of his Axis. by 
dot has four 72, The Sun appears but th part ſo big to, { h 
Moons. Jupiter as to us; and his light and heat are in he 1 
lame ſmall proportion, but compenſated by the 11 
quick returns thereof, and by four Moons ( AF" 
quick I y r ons (fome 
bigger and fume leis than our Earth) which re- t 
volve about him: ſo that there is ſcarce any part 
of this huge Planet but what is during the whole 
night enlightened by one or more of theſe Moons, 
except his Poles, whence only the fartheſt Moons 
Can be ſee n, and where light 1s not there wanted, 
becauſe the Sun conſtantly circulates in or near the 
i and is very probably kept in view of 
both Poles by the refraction of Jupiter's Atmo- 
iphere, which, if it be like ours, has certainly re- 
__ trattive power enough for that purpoſe. 
Their pe- 7 3+ The Orbits of theſe Moons are repreſented 
a dann zn the Scheme of the Solar Syſtem by four ſmall 
up. iter. 
circles marked I, 2, 3, 4, on Jupiter's Orbit A; 
hut they are drawn fifty times too large in propor- 
tion to it. The firſt Moon, or that neareſt to 
Jupiter, goes s round him in 1 day 18 hours and 36 
| ; , minutes 


13⁵ 55 ; the ſecond, © 14”; the third, 9.58“ ; and tex, 
he fourth, 17 30“. And their dittances 


Fits neareſt Moon, appears 1009 times as large as 
Jour Moon does to us; Waxing and weaning in all 
her monthly ſhapes, every 424 hours. 
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Tx :inutes of our time; and is 229 thouſand miles 
% Y bickant from his center : The ſecond performs Its 


revolution in 3 days 13 hours and 15 minutes, 

Fart 36+ thouſand miles diſtance : The third in 7 

Yay: 2 hours and 59 minutes, at the diſtance of 

580 thouſand miles: And the fourth, or outer- 

nod, in 16 days 18 hours and 3o minutes, at the 

diſtance of one million of miles irom his center. ; 
74. The Angles under which the Orbits of Jupi- Parallax of 


their Or- 


ter's Moons are ſeen from the Earth. at its mean b“ ns 
, Lanes from Jupiter, are as follow : The firſt, dt nces 


fr. vn Jupi- 


Jupiter, meaſured by his ſemidiametere, are thus: 


Ire firſt, 54; the ſecond, 9; the third, „ 


pears to his 
and the fourth, 2533 This Planet, ſeen from nearet 


Moon. 


75. Jupiter's three neareſt Moons fall into his To grand 


diſcover ies 


$ ſhadow, and are eclipſed in every Revolution: but nude by the 


* the Orbit of the fourth Moon is ſo much inclined, Eclipſes of 


upiter s$ 


1 that it paſſes by its oppoſition to Jupiter, witha Moons. 
cout falling into his ſhadew, two years in every fix, 
Ey theſe Eclipſes, Aftronome ers have not only diſ- 


covered that the Sun's light takes up eight minutes > 


Jof time in coming to us; but they have allo deter- 


mined the longitudes of places on this Earth with 
greater certainty and facility, than by any other 
method yet known; as ſhall be explained 1n the 


2X eleventh Chapter. 


76. The difference between the Equatorial and The great 


lit 
Polar diameters of Jupiter is 6230 miles; for his betacentbe 


equatorial diameter is to his polar, as 13 to 12. Equatorial 


and Polar 
diametersof 


So that his Poles are 3115 miles nearer his center 


than his Equator is. This reſults from his quick Jupiter. 
motion round his Axis; for the fluids, together 


CAsL-dl Elemens 4 Afronomic, Liv. ix. Chap. 3. 


with 


30 


The differ- 
ence little 
in thoſe of 


N 
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with the light particles, which they can carry or 
waſh away with them, recede from the Poles which 


are at reſt, toward the Equator where the motion 


is quickeſt, until there be a ſufficient number ac- ® 
cumulated to make up the deficiency of gravity 
loſt by the centrifugal force, which always ariſes 


from a quick motion round an axis: and when the 
deficiency of weight or gravity of the particles is 
made up by a ſufficient accumulation, there is an 
equilibrium, and the equatoreal parts riſe no higher, 


Our Earth being but a very ſmall Planet compared s 


to Jupiter, and its motion on its Axis being much 


our Earth. ſlower, it is leſs flattened of courſe : for the differ- 


Place of his 
Nodes. 


Saturn. 


Tig. I. 


ence between its equatorial and polar diameters is 
only as 230 to 229, namely, 36 miles *. 


77. Jupiter's Orbit is inclined to the Ecliptic in 
an angle of 1 degree 20 minutes. His aſcending # 
Node is in the 8th degree of Cancer, and his de- 


ſcending Node in the 8th degree of Capricorn. 


78. SATURN, the remoteſt of all the Planets 4, 
is about 780 million of miles from the Sun; and, 
travelling at the rate of 18 thouſand miles ever 
hour, in the circle marked h, performs its an- 
nual circuit in 29 years 167 days and 5 hours of 


our time; which makes only one year to that Pla- 


net. Its diameter is 67,000 miles: and therefore 


it is near 600 times as big as the Earth. 


* According to the French meaſures, a Degree of the Me. 
ridian at the Equator contains 340606.68 French Feet: and 
a Degree of the Meridian in Lapland contains 344627.40: | 
ſo that a Degree in Lapland is 4020.72 French Feet (or 
4250.02 Engliſh Feet) longer than a Degree at the Equator. 
The difference is £2; parts of an Engliſh Mile, —Hence, the 


Earth's Equatorial Diameter contains 39386196 French Feet, 


or 41920356 Engliſh; and the Polar Diameter 39202920 
French Feet, or 4731272 Engliſh. So that the Equatorial 
Diameter is 195084 Engliſh Feet, or 36.948 Engliſh Miles, 


longer than the Axis. 


+ The Georgian Planet not diſcovered when this was 


written. | 
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Ring appears double when ſeen through a good 
teleſcope, and is repreſented by the figure in ſuch 


an oblique view as it is generally ſeen. It is in- 
2 clined 30 degrees to the Ecliptic, and is about 21 


thouſand miles in breadth; which is equal to its 


2 diſtance from Saturn on all ſides There is reaſon 
to believe that the Ring turns round its Axis, be- 
* cauſe, when it is almoſt edge-wiſe to us, it appears 
+ ſomewhat thicker on one ſide of the Planet than on 
the other; and the thickeſt edge has been ſeen on 


different ſides at different times. But Saturn hay- 
ing no viſible ſpots on his body, whereby to deter- 
mine the time of his turning round his Axis, the 
length of his days and nights, and the poſition of 
his Axis, are unknown to us. 


80. To Saturn, the Sun appears only 7th part 


ſo big as to us; and the light and heat he reccives 


from the Sun are in the ſame proportion to ours. 


But to compenſate for the ſmall quantity of ſun- 
light, he has five Moons, all going round him on 
the outſide of his Ring, and nearly in the ſame 
plane with it. The firſt, or neareſt Moon to Sa- 
turn, goes round him in 1 day 21 hours 19 mi— 
nutes; and is 140 thouſand miles from his center: 
The ſecond, in 2 days 17 hours 40 minutes; at 
the diſtance of 187 thouſand miles: The third, in 
4 days 12 hours 25 minutes; at 263 thouſand miles 
diſtance : The fourth, in 15 days 22 hours 41 mi- 
nutes ; at the diſtance of 6:0 thouſand miles: And 
the fifth, or outermoſt, at one million 800 thon- 


31 
79. This Planet is ſurrounded by a thin broad PLATE r. 


a a 8 Fe P — Fig. V. 
Ring, as an artificial Globe is by a Horizon. The His Ring. 


His five 
Moons. 


ſand miles from Saturn's center, goes round him in 


79 days 7 hours 48 minutes. Their Orbits in the 


Fig. L 


Scheme of the Solar Syſtem are repreſented by the 
hve ſmall circles, marked 1. 2. 3. 4. 5. on Saturn's 
Orbit; bur theſe, like the Orbits of the other Sa- 
tellites, are drawn fifty times too large in propor- 
tion to the Orbits of their Primary Planets. 

| | t. The 


2 
1 - . 


32 


His Axis 
probably 
niclined to 
his RL.g. 


How the 
Ring ap- 
peais to Sa- 
turn and to 
us. 


07 the Solar Syſtem: 


81: The Sun ſhines almoſt fifteen of our years 
together on one ſide of Saturn's Ring without ſet- 
ting, and as long on the other in its turn. $0 
that the Ring is viſible to the inhabitants of that 

ianet for almoſt fifteen of our years, and as long 
inviſible by turns, if its Axis has no inclination to 
its Ring: bur if the Axis of the Planer be inclined 
to the Ring , ſuppoſe about 30 degrees, the Ring 
will appear and diſappeat once every natural day to 
all the inhabitants within 30 degrees of the Equa- 
tor on boch ſides, frequently echpſing the Sun in 
a Saturnian day. Moreover, if Saturn's Axis be 
ſo inclined to his Ring, it is perpendicular to bis 


Orbit; and thereby the inconvenience of different 


ſeaſons to that Planet is avoided. For con haering 
the length of Saturn's year, which is almoſt equal- 
to thirty of ours, what a dreadful condition muſt 
the inhabitants of his Polar wy be in, if they 


be halt that time deprived of the light and heat of 


the Sun! which is not their caſe alone, if the Axis 
of the Planet be perpendicular to the Ring, for 


then the Ring muſt hide the Sun from vaſt tracks 
of land on each fide of the Equator for 13 or 14 


of our years together, on the ſouth fide and north 
ſide by turns, as the Axis inclines to or from the 
Sun: the reverſe of which inconvenience is another 


good preſumptive proof of the inclination of Sa» 


turn's Axis to its Ring, and alſo of his Axis be - 
ing 85 erpendicular to his Orbit. 

This Ring, ſeen from Saturn, appears like 
a vaſt luminous Arch in the Heavens, as if it did 


not belong to the Planet. When we ſee the Ring; 


moſt open, its ſhadow upon the Planet is broadeſt ; 


and from that time the ſhadow grows narrower, as 


the Ring appears to do to us; until, by Saturn's 
annual motion, the Sun comes to the Plane of the 


Ring, or even with its edge; which being then 


directed toward us, becomes inviſible en account 


of its thinneſs; as ſhall be explained more largely 
In the tenth Chapter, and illuſtrated by a figure. 
The 
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The Ring diſappears twice in every annual Revo: in what 


lution of Saturn, namely, when he is in the 20th vn5Saturn 
appears to 


gegree both of Piſces and of Virgo. And when ioſe his 
Saturn is in the middle between theſe points, or in Rings and 


k 3 8 0 p in what 
the 2zoth degree either of Gemini or of Sagittarius, Signs it ap- 


| 2 . . | | ö te bears moſt 
his Ring appears moſt open to us; and then its 8 
longeſt diameter is to its ſhorteſt, as 9 to 4. 

33. To ſuch Eyes as ours, unafſiſted by inſtru- No planet 

ments, Jupiter is the only Planet that can be ſeen but Saturn 


i can be ſeen 
from Saturn; and Saturn the only planet that can from Jupi- 


be ſeen from Jupiter. So that the inhabitants of ter; norany 
| : p 


$ rom Saturn 
theſe two Planets muſt either ſee much farther than bende Ju- 


2X ve do, or have equally good inſtruments to carry biter. 
their fight to remote objects, if they know that 
chere is ſuch a body as our Earth in the Univerſe: 
for the Earth is no bigger ſeen from Jupiter, than 
his Moons are ſeen from the Earth; and if his 
large body had not firſt attracted our fight, and 
X prompted our curioſity to view him with a tele- 
2X ſcope, we ſhould never have known any thing of his 
Moons; unleſs by chance we had directed the te- 
leſcope toward that ſmall part of the Heavens where 
they were at the time of obſervation. And the 
like is true of the Moons of Sarurn. | 
84. The Orbit of Saturn is 22 degrees inclined piacè of 
to the Ecliptie, or Oebit of our Earth, and inter- $73 


EET, a | C Nodes. 
ſects it in the 22d degree of Cancer and of Capri- 
corn; ſo that Saturn's Nodes are our 14 degrees 
from Jupiter's, $ 77 . 

8 5. The 


* Since Mr. Ferguſon's death, in 1576. a ſeventh primary Goepium. 
Planet belonging to the Solar Syſtem, has been diſcovered. Sidui. 
by Dr. Herſchell, and called, by him, the Ceorgium Sidus, 
out of reſpect to his preſent majeſty King George III. This 
Planet is, ſtill higher in the Syſtem than Saturn, being about 
1509 million of miles from the Sun; and performs its an— 
ual circuit in $3 years 140 days and 3 hours of our time: 
conſequently its motion, in its Orbit, is at the rate of about 
7 thouſand miles in a hour. To a good eye, unaſſiſted by a 
t-elcope, this Planet appears like a faint Star of the ſifth 
magnitude; and it cannot be readily diftinguiſhed from a 


ized 


1 


—— - — 
— 
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The Sun's 85. The quantity of light afforded by the Sun | 


ught much to Japiter, being but..,.th part, and to Saturn 


ſtronger on 


Jupiter and Only eth part, of what we enjoy; may at firſt 
Saturn than 
is generally 


But, that their light is not fo weak as we imagine, 


is evident from their brightneſs in the night-time ;z 
and allo from this remarkable Phenomenon, that 


when the Sun is ſo much eclipſed to us, as to have 
only the 40th part of his diſe left uncovered by 
the Moon, the decreaſe of light is not very ſenſi- 
ble: and juſt at the end of darkneſs in Total Eclip— 
tes, when his weſtern limb begins to be viſible, 
and ſeems no bigger than a bit of fine filver wire, 
every one is ſurprized at the brightneſs wherewith 
that ſmall part of him ſhines. The Moon when 


fixed Star with a leſs magnifying power than 200 times. Its 


apparent diameter ſubtends an angle of no more than 4” to 


an obſerver on the Earth; but its real diameter is about 
34,000 miles, and, contequently, it is about do times as big 
as the Earth. Hence we way infer, as the Earth cannot be 


ſcen under an angle of quite 1“ to the inhabitants ct the | 


Georgian Planet, that it has never yet been teen by them, un- 


leis their eyes, cr infiruments, or both, be conſiderably better 


than ours are. a 
The Orbit of this Planet, is inclined to the Ecliptic in an 


angle 40“. 26”, Its aſcending Node is in the 13th degree of 
Gemini, and its deicending Node in the 13th degree of Sagit- 
tarius. : | 


As no ſpots have yet been diſcovered on its ſurface; the 
poſition of its Axis, and the length of its day and night are 
not known | 

On account of the immenſe diſtance of the Georgian Planet 
from the ſeurce of light and heat to all the bodies in our Syſ- 

tem, it was highly probable that ſeveral Satellites, or Moons 
revolved round it: accurdingly, the high powers of Dr. Hert- 
chell's teletcopes have enabled him to diſcover two already 
and it is not unlikely but there may be others which he. has 
not vet jcen. That which is neareſt to the Planet revolves at 


the diſtance 164 of the planets ſemi-diameters from it, av f 


performs its revolution in 8 days, 17 bours, and 1 minute. 
he other is about 22 ſemi-diameters of the primary fromit, 
ard compictes its revolution in 13 days, 11 hougs, Ad 
mmnutes. It is remarkable that the Orbits of thele Satellites 
ate ale at richt angles to ihe plane of the Ecliptic. 
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Full 


thought induce us to believe that theſe two Planets 
believed. ATE entirely unfit for rational beings to duell upon. 1 
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Full affords travellers light enough to keep them 
from miſtaking their way; and yet, according to 
Dr. SM1TH “*, it is equal to no more than a 90 
thouſandth part of the light of the Sun: that is, 
the Sun's light is go thouſand times as ſtrong as the 


light of the Moon when full. Conſequently, the 


Sun gives a thouſand times as much light to Saturn 
as the Full Moon does to us; and above three 
thouſand times as much to Jupiter. So that theſe 
two Planets, even without any Moons, would be 
much more enlightened than we at firſt imagine; 
and by having ſo many, they may be very com- 
fortable places of reſidence. Their heat, ſo far as 


it depends on the force of the Sun's rays, is cer- 
= tainly much leſs than ours; to which no doubt the 


bodies of their inhabitants are as well adapted as 
ours are to the ſeaſons we enjoy. And if we con- 
ſider, that Jupiter never has any winter, even at 
his Poles ; which probably is alſo the caſe with Sa- 
turn, the cold cannot be ſo intenſe on theſe two 
Planets as is generally imagined. Beſides, there 
may be ſomething in the nature of their mould 
warmer than in that of our Earth: and we find that 
all our heat depends not on the rays of the Sun; 
for if it did, we ſhouid always have the ſame 


months equally hot or cold at their annual returns. 


But it is far otherwiſe, for February is ſometimes 


warmer than May ; which muſt be owing to va- 
pours and exhalations from the Earth. 


86, Every perſon who looks upon, and compares 
the Syſtems of Moons together, which belong to 
Jupiter and Saturn, muſt be amazed at the vaſt 
magnitude of theſe two Planets, and the noble at- 
tendance they have in reſpect of our little Earth: 
and can never bring himſelf to think, that an infi- 
nitely wiſe Creator ſhould diſpoſe of all his animals 


All our heat᷑ 
depends not 
on tlie Sun's 
rays. 


and vegetables here, leaving the other Planets 


* Optics, Art. 95. 
D 2 bare 


36 


It is highly 
provable 
that all the 
Planets are 
whzhitcd. 
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bare and deſtitute of rational creatures. To ſup- 


pole that he had any view to our benefit, in cre- 
ating theſe Moons, and giving them their motions 
round Jupiter and Saturn; to imagine that he in- 
tended theſe vaſt Bodies for any advantage to us, 
when he well knew that they could never be ſeen 
but by a few Aſtronomers peeping through tele- 
ſcopes; and that he gave to the Planets regular re- 
turns of days and nights, and different ſeaſons to 
all where they would be convenient; but of no 
manner of ſervice to us ; except only what imme- 
diately regards our own Planet the Earth; to ima- 
gine, I ſay, that he did all this on our account, 
would be charging him impiouſly with having done 
much in vain: and as abſurd, as to imagine that 
he has created a little Sun and a Planetary Syſtem 


within the Shell of our Earth, and intended them 


tor cur uſe. Theſe conſiderations amount to little 


leſs than a poſitive proof, that all the Planets are 


inhabited : for if they are not, why all this care in 
furniſhing them with ſo many Moons, to ſupply 
thoſe with light which are at the greater diſtances 
from the Sun? Do we not ſee, that the farther a 
Planet is from the Sun, the greater Apparatus it 
has for that purpoſe? ſave only Mars, which be- 
iag but a ſmall. Planet, may have Moons too ſmall 
to be ſeen by us. We know that the Earth goes 
round the Sun, and turns round its own Axis, to 


produce the viciſſitudes of fummer and winter by 


the former, and of day and night by the latter mo- 
tion, for the benefit of its inhabitants. May we 


not then fairly conclude, - by parity of reaſon, that 


the end and deſign of all the other Planets is the 
ſame? and is not this agreeable to the beautiful 


harmony which exiſts throughont the Univerſe? 


Surely it is: and raiſes in us the moſt magnificent 


ideas of the SUPREME BEING, who is every 


where, and at all times preſent; diſplaying his 
power, wiſdom, and goodnefs, among all his crea- 
tures! and diſtributing hay»pincts to innumerable 
ranks of various beings! 


87. In 


little bigger than Venus, 5 times as big as Mars; 


2, 


* 2 A 


* 


Of the Solar Syſtem, 37 


* 87, In Fig. II. we have a view of the propor- pLArx t. 
tional breadth of the Sun's face or diſc, as teen Si. 
from the different Planets. The Sun is repreſented Sm appears 
Ne 1, as ſeen from Mercury; N* 2, as ſeen 
from Venus; N'. 3, as ſeen from the Earth; N- 4, 
as ſeen from Mars; Ne 5, as ſeen from Jupiter; 
and Ne. 6, as ſeen from Saturn. 

Let the circle B be the Sun as ſeen from any rig. 11. 
Planet at a given diſtance; to another Planet, at 


> double that diſtance, the Sun will appear juſt of 
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4 : half that breadth, as A; which contains only one 
fourth part of the area or ſurface of B. For all 


circles, as well as ſquare ſurfaces, are to one ano- 
ther as the ſquares of their diameters. Thus, the 
4 ſquare A 'is juſt half as broad as the ſquare B; and pig. ry. 

pet it is plain to fight, that B contains four times 
as much ſurface as A. Hence, by comparing the 
XZ diamcters of the above Circles (Pig. II.) together, 
it will be found, that in round numbers, the Sun 
appears 7 times larger to Mercury than to us, 90 


times larger to us chan to Saturn, and 630 times 


as large to Mercury as to Saturn. 
88. In Fig. V. we have a view of the bulks of fig. v. 


A the Planets in proportion to each other, and to a 


ſuppoſed globe of two feet diameter for the Sun. 


The Earth is 27 times as big as Mercury, very proportion- 
at hulks aud 
diſtances nf 


but Jupiter is 1049 times as big as the ha arth, Sa. 0 ee 
turn 586 times as big, exclufive of his Ring; and 
the Sun is 877 thoutand 650 times as big as the 
Earth. If the Planets in this Figure were ſet at 
their due diſtances from a Sun of two feet diame- 


ter, according to their proportional bulks, as in 


our Syſtem, Mercury would be 28 yards from the 
Sun's center; Venus 31 yards 1 foot; the Earth 
70 yards 2 feet; Mars 107 yards 2 feet; ; Jupitzr 
370 yards 2 feet; and Saturn. 7 00 yards 2 feet. 
The Comet of the year 1689, at its greateſt dit- 
tance, 10 thouſand 760 vards. In this proportn, 
the Moon's diſtance from the center of the Earth 
would be only 7 72 inches. 


. 89. To 
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PLATE I. 
An 1dea of 
their 
CanCccse 


Why the 
Planets ap- in 
pear bigger 
and leſs at 
different 
times. 


The Co- 
nAicts. 


dis- 


known to vs. 


Of the Solar Syſtem. 


39. To afift th 1 in forming an idea 
of the vaſt di blanke of the Sun, Planets, and Stars, 
let us ſuppoſe, that a body projected from the Sun 
ſhould continue ro fly with the ſwiftneſs of a can— 
non- ball, e. 480 miles every hour; this body 
would reach the Orbit of Mercury, in 7 years 221 
days; of Venus, in 14 years 8 days; of the Earth 
in 19 years 91 days; of Mars, 1 in 29 years 85 days; 
of Jupiter, in 100 years 285 days; of Saturn, in 
I84 years 240 days; to the Comet of 1680, at its 
greateſt diſtance from the Sun, in 2660 years; and 
to the neareſt fixed Stars in about 7 million 600 
thoutand years, 

go. As the Earth is not in the center of the Orbits 
which the Planets move, they come nearer to it 
and go farther from it, at different times; on 
which account they appear bigger and leſs by turns. 
Hence, the apparent magnitudes of the Planets are 
not always a certain rule to know them by. 


21. Under Fi ig. III. are the names and characters 


of ihe twelve figus of the Zodiac, which the Reader 
ſhould be perfectly well acquainted with; fo as 
to know the characters without ſeeing the names. 


Each ſign contains 30 degrees, as in the Circle 


bounding the Solar Syſtem; to which the charac— 
ters of the ſigus are ſet in their proper places. 


902. The Cours are ſolid opaque bodies, with 


long tranſpar ent trains or tails, ifluing from that 


fide which is turned away from the Sun. They 
move about the Sun in ve 'y ECCCNTrIC ell. pſes; and 


are of a much greater denſity than the Earth; for 


ſome of them are heated in every period to fach a 
degree, as would vitrify or diſupate auy. ſubſtance 
Sir 1eAac NEwrow Computed the 
heat of the Comet which appeared in the year 
1080, When neare it the Snn, to be! 2000 times hot- 
ter than red-hot iron, ard that being thus heated, 
it mut retain its 118 ar until it comes round 
although its eriod ſhould be more than twenty 
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thouſand years; and it is computed to be only 575, PLATE I. 


The method of computing the heat of bodies, 

keeping at any known diſtance from the Sun, fo 

far as their heat depends on the force of the Sun's 

rays, is very eaſy; and ſhall be explained in the 

eighth Chapter. 

93. Part of the Paths of three Comets are gell Fig. I. 

neated in the Scheme of the Salar Syſtem, and the 

years marked in which they made their appearance. 

There are, at leaſt, 21 Comets belonging to our They prove 

Syſtem, moving in all ſorts of directions; ; and all that the Or> 

thoſe which have been obſerved, have moved through pianers are 

the ethereal Regions and the Orbits of the Planets, t iu. 

without ſuffering the leaſt ſenſible reſiſtance in their 

motions; which plainly proves that the Planets do 

not move in ſolid Orbs. Of all the Comets, the Thererioos 

Periods of the above mentioned three only are onlyoitbreg 
711 | . are Knoun. 

known with any degree of certainty. The firſt 

of theſe Comets appeared in the years 153 1, 1607, 

and 1682 ; and is expected to appear again in the 

year 1758, and every 75th year afrerward, T he 

ſecond of them appeared in 1532 and 1661, and 

may be expected to return in 1789, and every 

129th year afterward. The third, having laſt 

appeared in 1680, and its Period being no leſs 

than 575 years, cannot return nntil the year 2225. 

This Comet, at its greateſt diſtance, is about eleven 

thouſand two hundred million of miles from the 

Sun; and at its leaſt diſtance from the Sun's center, 


which is 49,000 miles, is within leſs than a third 


part of the Sun's ſemidiameter from his ſurface. 


In that part of its Orbit which is neareſt the Sun, 


it flies with the amazing ſwiftneſs of 880,020 miles 
in a hour; and the Sun, as ſcen from It, appcars 
a hundred degrees in breadth : ; conſequently 40. 
thouſand times as large as he appears to us. The Ther prove 
aſtoniſhing length that this Comet runs out into he Jeane 10 


empty ſpace, ſoggeſts to our minds au idea of the mene nc 
valt diſtance between the Sun and the neareſt fixed 1ances- 


Stars; of whoſe Attractions all the Comets mult 


4 keep 
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keep clear, to return periodically, and go round 
the Sun; and it ſhews us alſo, that the neareſt 
Stars, which are probably thoſe that ſeem the 
largeſt, are as big as our Sun, and of the ſame na- 
ture with him; otherwiſe, they could not appear 
ſo large and bright to us as they do at ſuch an im- 
menſe diſtance. 
Inferences 94. The extreme heat, the denſe atmoſphere, the 
dee, ming groſs vapours, the chaotic ſtate of the Comets, 
pheno- feem at firſt fight to indicate them altogether unfit 
mew for the purpoles of animal life, and a moſt miſer- 
able habitation for tational beings ; and therefore 
ſome * are of opinion that they are ſo many hells 
for tormenting the damned with perpetual viciſh- 
tudes of heat and cold. But when we conſider, on 


the other hand, the infinite power and goodneſs of 


the Deity ; the latter inclining, the former enabling 
him to make creatures ſuited to all ſtates and cir- 
cumſtances; that matter exiſts only ſor the ſake 
of intelligent beings; and that whefever we find 
it, we always find it pregnant with life, or necel- 
ſarily ſubſervient thereto ; the numberleſs ſpecies, 
the aſtoniſhing diverſity of animals in earth, air, 
water, and even on other animals; every blade of 
graſs, every tender leaf, every natural fluid, ſwarm- 
ing with life; and every one of theſe enjoying ſuch 


gracific: tions as the nature and {tate of RR © ter 


quires: when we reflect morcover that ſome cen- 
turies ago, till experience undeceived us, a great 
part of che Earth was adjudged uni „ the 
Torrid Zone, by reaſon of exceſſive heat, and the 
two Prigid Zones becauſe of their intolerable cold; 
it ſeems highly Dee that ſuch numerous and 


large males of durable matter as the Comets are, 
however ant! 19 they ve to our Farth, are not de- 
ſtitute of beings age ble of contemplating with won— 


der, and acknowledging with eratitade, the wil- 
dom, ſrmmetry and beauty of the Creation; 


- 
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1 which is more plainly to be obſerved in their 
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extenſive Tour through the Heavens, than in our 
more confined Circuit. If farther conjecture is per- 
mitted, may we not ſuppoſe them inſtrumental in 
recruting the expended fuel of the Sun; and ſup- x 


2 plying the exhauſted moiſture of the Planets ? 
XZ However difficult it may be, circumſtanced as we 
are, to find out their particular deſtination, this is 
an undoubted truth, that wherever the Deity ex- 
erts his power, there he alſo manifeſts his wiſdo 

and goodneſs, 


95. THE SOLAR SYSTEM, here deſcribed, Thi:syſtem 


is not a late invention; for it was known. and very anci- 
ent, and de- 


RAS, and others among the Ancients: but in latter 
times was loſt, till the 15th century, when it was 


F again reſtored by the famous Poliþ philoſopher, . 


NicaoLaus CoPERNICUS, Who was born at Thorn in 
the year 1473. In this, he was followed by the | 


greateſt mathematicians and philoſophers that have 
& ſince lived; as KEPLER, GALILE9, DESCARTES, 


GassENDUs, and Sir Isaac NewToN; the laſt of 

whom has eſtabliſhed this Syſtem on ſuch an ever- 
laſting foundation of mathematical and phyfical de- 

monſtration, as can never. be ſhaken: and none 
ho underſtand him can heſitate about it. 

96. In the Piolomean Sy/tem, the Earth was ſup- The Ptoto- 
poled to be fixed in the Center of the Univerſe nie!. 
and that the Moon, Mercury, Venus, the Sun, 

Mars, Jupiter, and Saturn, moved round the Earth : 
above the Planets, this ilypothelis placed the Fir- 
mament of Stars, and then the two Chryſtalzine 
Sbheres; all which were included in and reczived 
motion from the Primum Mobile, vaiich couſtunily 
revoived about the Earth in 24 hours from Eait to 
Veit. Fn: as this rude ſcheme was found inca- 
pable of ſtandipg the teſt of art and oviervation, it 
was ſoon rc :Ged by all true phlloſaphers; not- 
withſtanding the oppoſition and vivicnce of blind 


and zealous bigots. 


© 


\ 97. The 
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TheTycho- 97. The Tychonic Syſtem ſucceeded the Ptolomean, 


nic Sytem, put was never ſo generally received. In this the 


partly true 


and partly Earth was ſuppoſed to ſtand ſtill in the Center of 9 


_ the Univerſe or Firmament of Stars, and the Sun 
to revolve about it every 24 hours; the Planets, | 


ing round the Sun in the times already mentioned, 


But fome of Tycho's diſciples ſuppoſed the Earth 7 


to have a diurnal motion round its Axis, and the 
Sun with all the above Planets to go round the 
Earth in a year; the Planets moving round the 
Sun in the foreſaid times. This hypotheſis, being 
partly true and partly falſe, was embraced by few; 
and ſoon gave way to the only true and rational 


Syſtem, reſtored by CopERNIicus, and demonſtrated | 


by Sir Isa Ac NewrToN. 

98. To bring the foregoing particulars into one 
point of view, with ſeveral others which follow, 
concerning the Periods, Diſtances, Bulks, c. ot 
the Planets, the following Table is inſerted: 


A TABLE 


% A 
i © 29 
Ws 0 
- 


8 - 
„ 
* 3 
_ 
-." 
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Mercury, Venus, Mars, Jupiter, and Saturn, go-,! 


So Done 
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G HAF. III. 


The COPERNICAN SYSTEM demonſtrates 
to be true. 


Of matter 99» 


and motion. 


can never ſtop or move ſlower of itſelf. Hence, 
when we ſee a body in motion, we conclude ſome 
other ſubſtance muſt have given it that motion; 
when we ſee a body fall from motion to reſt, we 
conclude ſome other body or cauſe ſtopt it. 

100. All motion is naturally rectilineal. A 
bullet thrown by the hand, or diſcharged from a 


ATTER is of itſelf inactive, and indif- 
ferent to motion or reſt. A body at reſt 
can never put itſelf in motion; a body in motion 


cannon, would continue to move in the fame di- 


rection it received at firſt, if no other power di— 
verted its courſe. Therefore, when we ſee a body 
moving in a curve of whatever kind, we conclude 
it muſt be acted upon by two powers at leaſt : one 
to put it in motion, and another drawing it off 
from the rectilineal courſe which it would other- 
wiſe have continued to move in. 

Gravity de- 101. The power by which bodies fall toward 

monſtrebie. the Earth, is called Gr: avity or Attraction. By this 
power in the Earth it is, that all bodies on w hat- 
ever fide, fall in lines perpendicular to its ſurface, 
On oppolite parts of the Earth bodies fall in oppo- 
ſite directions, all toward the center, where the 
whole force of gravity is, as it were, accumulated, 
By this power conſta antly acting on bodies near the 
Earth, they are kept from leaving it altogether; 
and thoſe on its ſurface are kept thereto on all 
ſides, ſo that they cennot fail from it. Bodies 
trown with any obliquity are drawn by this power 
from a ſtraight line into a curve, until they fall to 
the ground: the greater the force by which they ere 
thrown, the greater is the diſtance the ey are carried 


before they fall, If we ſuppoſe a body carried 
leveral 
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© {:veral miles above the Earth, and there projected 
J in a horizontal direction with fo great a velocity, 
that it would move more than a ſemidiameter of 
the Earth in the time it would take to fall to the 
X Earth by gravity ; in that caſe, if there were no 
X reſiſting medium in the way, the body would not 
fall to the Earth at all, but continue to circulate 
round the Earth, keeping always the ſame path, 
and returning to the point from whence it was pro- 
jected with the ſame velocity as at firſt. 
102. We find the Moon moves round the Earth projectile 
in an Orbit nearly circular. The Moon therefore nee. 
muſt be acted on by two powers or forces; one 
which would cauſe her to move in a right line, 
another bending her motion from that line into a 
curve. This attractive power muſt be ſeated in 
the Earth, for there is no other body within the 
3 Moon's Orbit to draw her. The attractive power 
of the Earth therefore extends to the Moon; and 
in combination with her projectile force, cauſes her 
to move round the Earth in the fame manner as the 
& circulating body above ſuppoſed. 

103. The Moons of Jupiter and Saturn are ob- The sun 
ſerved to move round their primary Planets: there-24 Flanets 
fore there is an attractive power in theſe Planets. other. 
All the Planets move round the Sun, and reſpect 
it for their center of motion: therefore the Sun 
muſt be endowed with an attracting power, as well 
as the Earth and Planets. The like may be proved 
of the Comets. So that all the bodies or matter 
of the Solar Syſtem, are poſſeſſed of this power; 
and perhaps ſo is all matter whatever. 

104. As the Sun attracts the Planets with their 
Satellites, and the Earth the Moon, ſo the Planets 
and Satellites re-attract the Sun, and the Moon the 
| Earth; action and re-action being always equal. 
This is alſo confirmed by obſervation; for the 
Moon raiſes tides in the occan, and the Satellites 
aud Planets diſturb one another's motions. 


og. Every 
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105. Every particle of matter being poſſeſſed 07 þ 4 
an attracting power, the effect of the whole mutt | Fo! 
be in proportion to the number of attracting parti- m 
cles: that is, to the quantity of matter in the body, 0 
This is demonſtrated from experiments on pendu- El f 
lums: for, if they are of equal lengths, whatever 
their weights be, they always vibrate in equal 
times. Now, if one be double the weight 9 1 
another, the force of gravity or attraction muſt b 
be double to make it oſcillate with the ſame cele- 
rity : if one is thrice the weight or quantity of þ 3 | 
matter of another, it requires thrice the force o 
gravity to make it move with the ſame celerg. i 
Hence it is certain, that the power of gravity is 
always proportional to the quantity of matter in 
bodies, whatever their bulks or figures are. - 

105. Gravity alſo, like all other virtnes or ema- 1 
nations, either drawing or impelling a body to- q 
ward a center, decreaſes as the ſquare of the diſ- 
tance increaſes: : that is, a body at twice the dil. 
tance attracts another with only a fourth part of | 
the force; at four times the di ſtance, with a fis- | I 4 
teenth part of the force. This too is confirmed 


T5 


"8 
fem obſervation, by comparing the diſtance which Y 
tze Noon falls in a minute from a right line 10uch- i 


ing her Orbit, with the ſpace which bodies near 23 
Y 


the Earth fall in the ſame time: and alſo by com- WW? 
paring the forces which retain Jupiter's Moons in KL 
their Orbits. This will be more fully explained | 
in _ ſeventh Chapter. < I 
The mutual attraction of bodies may be 5 E 
rem liel by a boat and a ſhip on the Water, 
tied by a rope. Let a man either in a fhip or boat 5 


pu'l the rope (it is the ſame in eſſect at which end 
he pulls, for the rope will be equally frerchet | I! 
throughout) the ſhip and boat will be drawn to- 


ward one another; but with this difference, that 
the boat will move as much fatter than the ſhip, 1 
as the ſhip is heavier than the boat. Suppoſe the | 


boat as heavy as tae ſip, and they will draw one 0 
another 
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another equally (ſetting aſide the greater reſiſtance 
ok the Water on the bigger body) and meet in the 
middle of the firſt diſtance between them. If the 
pip is a thouſand or ten thouſand times heavier 
. than the boat, the boat will be drawn a thouſand 


. or ten thouſand times faſter than the ſhip; and 
meet proportionably nearer the place from Which ow 
the ſhip ſet out. Now, while one man pulls the 

rope, endeavouring to bring the ſhip and boat to- 

gether, let another man, in the boat, endeavour to 

row it off ſideway, or at right angles to the rope; 

and the former, inſtead of being able to draw the 


3 
* 


„boat to the ſhip, will find it enough for him to 
keep the boat from going further off; while the 
latter, endeavouring to row off the boat in a ſtraight 
line, will, by means of the other's. pulling it to— 
ward the ſhip, row the boat round the ſhip at the 
rope's length from her. Here the power employed 
to draw the ſhip and boat to one another repreſents 
the mutual attraction of the Sun and Planets by 
cv hich the Planets would fall freely toward the 
Sun with a quick motion; and would alſo in falling 
attract the Sun toward them. And the power 
1 employed to row oft the boat repreſents the pro— 
Y jectile force impreſſed on the Pianets at right angles, 
Nor nearly fo, to the Sun's attraction; by which 
means the Planets move round the Sun, and are 
WJ kept from falling to it. On the other hand, if it 
be attempted to make a heavy ſhip go round a 
light boar, they will meet ſooner than the ſhip can 
get round; or the {hip will drag the boat after it. 


= 108. Let the above principles be applied to the 
Gun and Earth; and they will evince, beyond a 
& pollibility of doubt, that the Sun, not the Earth, 
is the center of the Syſtem ; and that the Earth 
moves round the Sun as the other Planets do. 
For, if the Sun moves about the Earth, the 
Earth's attractive power muſt draw the Sun toward 
it from the line of projection, ſo as to bend its 
motion 
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greater, it muſt move 227 thouſand times as ſlowly 


the Sun in a ſhoct time, if it had not a very ſtrong 


tore, as well as every other Planet in the Syſtem, 


dity. of tup- 


bs all the other Planets in their Orbits without affect- 
Poing che. . Re £ . 

Earth at 109 the Earth, which is placed between the Orbits 

ws of Mars and Venus, is as abſurd as to ſuppoſe that 


dilterent heights in the Air, and that five of them 
ſhould fall down to the ground; but the ſixth, 


the Earth move round about it. 
109. There is uo ſuch thing in nature as a heavy 
body moving round a light one as its center of 


pebble along with it. 


=: be with the mill-ſtone. 


it * As will be demonſtrated in the Ninth Chapter. 


a... ” 


motion. A Pebble faſtened to a mull-itone by a | 
ſtring, may by an eaſy impulſe be made to circu- 
late round the mill-ſtone : but no impulſe can 
make a mill-ſtone circulate round a looſe pebble, il 
for the milbſtone would go off, and carry the 


* 
4 W 1 


motion into a curve. But the Sun being at leaſt 
227 thoutand times as heavy as the Earth, by be- 
ing ſo much weightier as its quantity of matter is 


toward the Earth, as the Earth does toward th: 1 1 
Sun; and conſequently the Earth would fall to 


projectile motion to carry it off. The Earth there- 


mult have a rectilineal impulſe, to prevent its fall. 7 
Tue abſor- ing to the Sun. To fay, that gravitation retains 


ſix cannon bullets might be projected upward o 


4 which is neither the higheſt nor the loweſt, ſhould 3 J 
remain ſuſpended in the Air without falling, and 


110. The Sun is fo immenſely bigger and hea- 1 
vier than the Earth *, that if he was moved out 
of his Plade; not only the Earth, but all the other 
Planets, if they were united into one maſs, would 
be carried along with the Sun, as the pebble woula 


Itt. By conſidering the Jaw of gravitation, 24 
Which takes place th. ouglout the Solar Syſtem, in 
another light, it will be evident that the Earth 
moves round the Sun in a year; and not the Sun 
round ihe Earth. It has been ſhewn (& 106) that ” 
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7 - 0 t — . mony of 
diſtance increaſes; and from this it follows with 3 


mathematical certainty, that when two or more motions. 
bodies move round another as their center of mo— 
tion, the ſquares of their periodic times will be to 
one another in the ſame proportion as the cubes 
of their diſtances from the central body, This 
Z holds preciſely with regard to the Planets round 
the Sun, and the Satellites round the Planets ; the 


© relative diſtances of all which are well known. 


8 Fo 
OS 


But, it we ſuppoſe the Sun to move round the 


Earth, and compare its period with the Moon's 


1 by the above rule, it will be found that the Sun 
Would take no lels than 173,510 days to move 


round the Earth, in which caſe our year would be 

475 times as long as it now is. To this we may 

add, that the aſpects of increaſe and decreaſe of 

the Planets, the times of their ſeeming to ſtand 

ſtill, and to move direct and retrograde, anſwer 
preciſely to the Earth's motion; but not at all to 

the Sun's, without introducing the moſt abſurd and 
monſtrous ſuppoſitions, which would deſtroy all 
harmony, order, and ſimplicity in the Syſtem. 
Moreover, if the Earth be ſuppoſed to ſtand ſtill, 

and the Stars to revolve in free ſpaces about the 

Earth in 24 hours, it is certain that the forces by 

which the Stars revolve in their Orbits are not di- 

rected to the Earth, but to the centers of the ſeve- 

ral Orbits; that is, of the ſeveral parallel Circles The abfur- 
which the Stars on different fides of the Equator pong 4 
deſcribe every day; and the like inferences may Stars and 
be drawn from the ſuppoſed diurnal motion of the TW. 
Planets, fince they are never in the Equinoctial the Earth. 
but twice in their courſes with regard to the ſtarry 
Heavens. But, that forces ſhould be directed to 

no central body, on which they phyſically depend, 

but to innumerable imaginary points in the Axis 

of the Earth produced to the Poles of the Hea- 

vens, is a hypotheſis too abſurd to be allowed of 

by any rational creature. And it is {till more ab— 
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ſurd to imagine that theſe forces ſhould increaſe 
exactly in proportion to the diſtances from this 
Axis; for that is an indication of an increaſe to in- 
finity ; whereas the force of attraction is found to 
decreaſe in receding from the fountain from whence 
it lows. But, the farther any Star is from the qui- 
eſcent Pole, the greater muſt be the Orbit which 
it deſcribes; and yet it appears to go rou:d in the 
ſame time as the neareſt Star to the Pole does. 
And if we take into conſideration the two-fold mo- 
tion obſerved in the Stars, one diurnal rourd the 
Axis of the Earth in 24 hours, and the other round 
the Axis of the Ecliptic in 25920 years, Y 251, it 
would require an explication of ſuch a perplexed 
compoſition of forces, as could by no means be re- 
conciled with any phyſical Theory. 


Objections 112. There is but one objection of any weight 
_— de that can be made againſt the Earth's motion round 


omen the Sun, which is, that in oppoſite points of the 
rallel direction, would point to different fixed Stars; 
which is not found to be fact. But this objection 
is eaſily removed, by conſidering the immenſe diſ- 
tance of the Stars in reſpect of the diameter of the 
Earth's Orbit; the latter being no more than a 
point when compared to the former. If we lay a 
ruler on the ſide of a table, and along the edge 
of the ruler view the top of a ſpire at ten miles diſ- 
tance, then lay the ruler on the oppoſite ſide of 
the table in a parallel ſituation to what it had be- 
fore, and the ſpire will {till appear along the edge 
of the ruler; becauſe our eyes, even when aſſiſted 


by the beſt inſtruments, are incapable of diſtin- 


guiſhing ſo ſmall a change at ſo great a diſtance. 
113. Dr. BRADLEY found by a long ſeries of the 
moſt accurate obſervations, that there is a ſmall ap- 
parent motion of the fixed Stars, occaſioned by the 
aberration of their light, and ſo exactly anſwering to 
| an 
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Earth's Orbit, its Axis, which always keeps a pa- 
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The Copernican Sytem demonſtrated to be true. 
an annual motion of the Earth, as evinces the ſame, 
even to a mathematical demonſtration. Thoſe 
who are qualified to read the Doctor's modeſt Ac- 
count of this great diſcovery, may conſult the Phi- 
loſophical Tranſactions, Nꝰ 456. Or they may find 
it treated of at large by Drs. SmiTH *, Loxs +, 
DzgsacULIERS}, RUTHERFUzrTH ||, Mr. MAcLav- 
RIN, Mr. SIMSON , and M. Dt LA CAILLE **, 


114. It is true that the Sun ſeems to change his Why the 
Sun appears 
. | to changs 
Heavens in a year. But whether the Sun or Earth bis place. 


place daily, fo as to make a tour round the ſtarr 


moves, this appearance will be the ſame; for, 
when the Earth is in any part of the Heavens, the 
Sun will appear in the oppoſite. And therefore 
this appearance can be no objection againſt the 
motion of the Earth. Dp 

115. It is well known to every perſon who has 
ſailed on ſmooth water, or been carried by a ſtream 
in a calm, that, however faſt the veſſel goes, he 
does not feel its progreſſive motion. 1 he motion 
of the Earth is incomparably more ſmooth and uni- 
form than that of a ſhip, or any machine made and 


moved by human art: and therefore it is not to be 
imagined that we can feel its motion. 


116, We find that the Sun, and thoſe Planets The Faith's 


on which there are viſible ſpots, turn round their 


Diſcs +. From hence we may reaſonably con- 
clude, that the other Planets, on which we ſee no 


= ſpots, and the Earth, which is likewiſe a Planet, 
have ſuch rotations, But being incapable of leav- 
ing the Earth, and viewing it at a diſtance, and its 
rotation being ſmooth and uniform, we can neither 


* Optics, B.I.F 1178. + Aſtronomy, B. II. $ $38. 
t Philoſophy, Vol. I. p. 401. Aecount of Sir Iſaac 


= Newton's Philoſophical Diſcoveries, B. III. c. 2. § 3. 


_ 1 Mathemat. Eſſays, p. 1. Elements 4 Aftronomie, & 381. 
++ The face of the Sun, Moon, or any Planet, as it ap- 
pears to the eye, is called its Diſc. 


E 2 ſee 


its Axis de- 
Axes: for the ſpots move regularly over their monnraed. 


on its Axis or not. 
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ſee it move on its Axis as we do the Planets, nor 
feel ourſelves affected by its motion. Vet there 
is one effect of ſuch a motion, which will enable us 
to judge with certainty whether the Farth revolves | 7 
All Globes which do not turn | 


round their Axes will be perfect ſpheres, on ac- 
count of the equality of the weight of bodies 0 


their ſurfaces; eſpecially of the fluid parts. But 3 


all Giobes which turn on their Axes will be oblate 
ſpheriods; that is, their ſurfaces will be higher ot 
farther from the center in the equatorial than i io 
the polar Regions; for, as the equatorial parts 
move quickeſt, they will recede fartheſt from the 
Axis of motion, and enlarge the equatorial diame- 
ter. That our Earth is really of this figure, is 


demonſtrable from the unequal vibrations of lf 
pendulum, and the unequal lengths of degrees in 
diflerent latitudes. 


dry, if the centrifugal force of theſe parts by 
which the waters were carried thither did not Kel 


them from returning. 


meter 1s 36 miles longer than its Axis. 
All bodies 17. Bodies near the Poles are heavier than thoſeſſ 


heavier at 


thi Poles. £0 os the Equator, becauſe they are nearer theÞ 
than they Earth's center, where the whole force of the Earth 


would he A 


the Equator, AULL action is 


accumulated. I hey 


are alſo heavier, Þ* 


35 


Since then the Earth is higher 
at the Equator than at the Poles, the ſea, which 
naturally runs downward, or toward the pac 
which are neareſt the center, would run toward 
the polar Regions, and leave the equatorial parts Ft 
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becauſe theic eevifitngyt force is leſs, on accountÞe 8 


the ane 3 ale of their weight, 
periments prove 
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that a pendulum, which vibrate 


ſeconds near the Poles, vibrates flower near the f 
Equator, which ſhews, that it is lighter or lets 0 


attracted there. 


To make it oſcillate in the ſame a 


time, it is found neceſſary to diminifh its lengtb. 7 w 
By comparing the different lengths of pendulunÞ 
twinging 


wg 
FY 
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2 Winging ſeconds at the Equator and at London, it 
7 is found that a pendulum muſt be 24% 155 
1 ſhorter at the Equator than at the Poles. A line 

lis a twelfth part of an inch. 
| 118. If the Earth turned round its Axis in 84 How they 

minutes 43 ſeconds, the centrifugal force would be , 
Wet to the power of gravity at the Equator ; and weight. 
all bodies there would entirely loſe their weight. 

If the Earth revolved quicker, they would all fly 

If. ga leave It. 

E A perſon on the Earth can no more be ſen- The earth's 
| able of its undiſturbed motion on its Axis, than aot be felt. 
1 one in the cabin of a ſhip on ſmooth water can be 


ſenſible of the ſhip's motion when it turns gently q 


LEY 


and uniformly round. It is therefore no argument 
al againſt the Earth's diurnal motion, that we do not 
= feel it: nor is the apparent revolutions of the celeſ- 
r tial bodies every day a proof of the reality of theſe 
by : motions ; for whether we or they revolve, the ap- | 
© pearance is the very ſame. A perſon looking 


Ichrough the cabin- windows of a ſhip as ſtrongly 
fancies the objects on land to go round when the 
tip turns, as if they were actually in motion. 


120. If we could tranſlate ourſelves from Planet 

to Planet, we ſhould till find that the Stars would 
appear of the ſame magnitudes, and at the ſame 
diſtances from each other, as they do to us here: 
1 becauſe the width of the remoteſt Planet's Orbit 
bears no ſenſible proportion to the diſtance of the 
ung Stars. But then, the Heavens would ſeem to re- To the di- 


. 


je 


aiif 2 volve about very different Axes; and conſequently, 8 
7; thoſe quieſcent points, 8 1 are our Poles in Heavens ap- 
che Heavens, would ſeem to revolve about other pear to turn 
Ates round on 
del points, which, though apparently in motion as ſeen different 
the! 


from the Earth, would be at reſt as ſeen from any N. 
other Planer. Thus the Axis of Venus, which lies 
g almoſt at right Angles to the Axis of the Earth, 
tu. would have its motionleſs Poles in two oppolite 
un points of the Heavens lying almoſt in our Equi— 
4 E 3 5 noctial, 
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noctial, where the motion appears quickeſt, becauſe 
it is ſeemingly performed in the greateſt Circle, 
And the very Poles, which are at reſt to us, have 
the quickeſt motion of all as ſeen from Venus. 
To Mars and Jupiter the Heavens appear to turn 


round with very different velocities on the ſame 0 


Axis, whote Poles are about 232 degrees from ours, 


Were we on Jupiter, we ſhould be at firſt amazed 
at the rapid motion of the Heavens; the Sun and 


Stars going round in 9 hours 56 minutes. Could 


we go from thence to Venus, we ſhould be as much 
ſurpriſed at the ſlowneſs of the heavenly motions ; WW 
"1 


the Sun going but once round in 584 hours, and 
the Stars in 340. And could we go from Venus to 


the Moon, we ſhould ſee the Heavens turn round 
with a yet ſlower motion; the Sun in 708 hours, 
the Stars in 655. As it is impoſſible theſe vari- 4 
ous circumvolutions in ſuch different times, and 
on ſuch different Axes, can be real, ſo it is unrea- 


ſonable to ſuppoſe the Heavens to revolve about 
our Earth more than it does about any other Planet. 


When we reflect on the vaſt diſtance of the fixed 
Stars, to which 162,000,000 of miles, the diameter 
of the Earth's Orbit, is but a point, we are filled 
with amazement at the immenſity of their diſtance, 
But if we try to frame an idea of the extreme rapi- 
dity with which the Stars muſt move, if they move 
round the I arth in 24 hours, the thought becomes 
ſo much too big for our imagination, that we can 1 


vo more conceive it than we do infinity or eternity. 


If the Sun was to go round the Earth in 24 hours, 25 
he muſt trave] upward of zoo, ooo miles in a mi- 
nute : but the Stars being at leaſt 400, ooo times as 
tar from the Sun, as the Sun is from us, thoſe 
about the Equator muſt move 400,000 times as 
quick. And all this to ſerve no other purpole than 
what can be as fully and much more ſimply obtained 
by the Earth's turning round eaſtward, as on an- 
Az18, every 24 hours, cauling thereby an apparent 


diurnal | 
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Objections an ſtwered. 


iurnal motion of the Sun weſtward, and bring ing 
about the alternate returns of day and night. 


Wes” $ 119. But ſome are apt to imagine that 
if the Earth turns eaſtward (as it certainly does, if 


3 


; It turns at all) a ball fired perpendicularly upward 
; in the air muſt fall conſiderably weſtward of the 
2 Ive. it was projected from. The objection, which 


at firſt ſeems to\have ſome weight, will be found 
to have none at all, when we conſider that the gun 
and ball partake of the Earth's motion; and there- 
fore the ball being carried forward with the air as 

quick as the Earth and air turn, muſt fall down on 
the ſame place. A ſtone let fall from the top of a 
main maſt, if it meets with no obſtacle, falls on the 
deck as near the foot of the maſt when the ſhip fails 
Sas when it does not. If an inverted bottle, full of 
liquor, be hung up to the cieling of the cabin, 
and a ſmall hole be made in the cork to ler the 
liquor drop through on the floor, the drops will 
fall juſt as far forward on the floor when the ſhip 
alls as when it is at reſt. And gnats or flies can as 
eaſily dance among one another in a moving cabin 
as in a fixed chamber. As for thoſe ſcripture ex- 
preſhons which ſeem to contradift the Earth's 
motion, the following reply may be made to them 
all: It is plain from many inſtances, that the 
Scriptures were never intended to inſtruct us in 
Philoſophy or Aſtronomy ; ard therefore, on thoſe 


the literal ſenſe; but for the moſt part as accom- 
modated to the common apprehenſions of mankind. 


ſciences purpoſely, have followed this method: 

and it would be in vain to follow any other in ad- 

dreſſing ourſelves to the vulgar, or bulk of any 
E 4 community. 
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ſubjects, expreſſions are not always to be taken in 


Men of ſenſe in all ages, when not treating of the 
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121. As to the common  objeQions againſt the 0jeQtions 
15 Farth's motion on its Axis, they are all eaſily an 3 


Wſrcered and ſet aſide. That it may turn without urnal mo- 
tion an- 


ee ſeen or felt by us to do fo, has been already ea. 


The Phenomena of the Heavens as ſeen 


community. Aoſes calls the Moon A GREAT 
LUMINARY (as it is in the Hebrew) as well a 
the Sun: but the Moon is known to be an opaque 
bodv, and the ſmalleſt that Aſtronomers have ob. 
ſerved in the Heavens; and ſhines upon us not by} 
any inherent light of its own, but by reflecting 
the light of the Sun. Miſes might know this, but® 
had he told the Iſraelites {o, they would have ſtared 
at him; and conſidered him rather as a madman, * 


than as a perſon commiſſioned by the Almighty te 4 
be their leader, | 


3 
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CHAP. IV. 


The Phenomena of the Heavens as ſeen from differen: 
Parts of the Earth. 
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we are kept. 122. CRT E are kept to the Earth's ſurface on 
5 a all ſides by the power of its central 
attraction; which, laying hold of all bodies accord- 

ing to their denſities or quantities of matter, with- 

out regard to their bulks, conſtitutes what we call 

their weight. And having the ſky over our heads, 

go where we will, and our feet toward the center 

of the Earth, we call it 2 over our heads, and 

down under our feet: although the ſame right line 

which is door to us, if continued through and be- 

yond the oppolite fide of the Earth, would be up to 

PLATE II. the inhabitants on the oppoſite ſide. For, the in- 
Fig. I. habirants z, 2, e, m, 5, o, 4. 1, ſtand with their feet! 
toward the Earth's center C; and have the ſame 7 

figure of iky N, I, E, M, 8, O, Q, L, over their 

heads. Therefore, the point $ i848 qiredtiy up ward] 

to the inhabitant s on the South Pole, as Nis to the 
inhabitant 2 on the North Pole: ſo is E to the 
inhabitant e ſuppoſed to be on the North end of [i 

Peru; and Ito the oppoſite inhabitant q on the mid- 

dle of the Hand Sumatra. Each of theſe obfervers | 
Antipodes. is ſurpriſed that his oppoſite or Autipode can ſtand 
With his head hanging downward. But let either 
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from different Paris of the Earth. 


as upright and firm on the place where he was, as 
he now ſtands where he is. To all theſe obſervers 
the Sun, Moon, and Stars, ſeem to turn round the 


the mathematical line 2 C's as round an Axis, of 


the uppermoſt ſide of the Earth, and wonders how 
another at L can ſtand on the undermoſt fide with 

his head hanging downwards. But U in the mean 
© time forgets that in twelve hours time he will be 
carried halt round with the Earth, and then be 
in the very ſituation that L now is, although as far 
from him as before. And yet, when U comes there, 
W he will find no difference as to his manner of ſtand- 
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go to the other, and he will tell him that he ſtood PLATE IL 


oints N and S, as the Poles of the fixed Axis Axis of the 
NCS; becauſe the Earth does really turn round World. 


W which z is the North Pale, and s the South Pole. Its Poles. 
The inhabitant U (Fig. II.) affirms, that he is on Fiz. II. 


ing; only he will ſee the oppoſite half of the Hea- 


vens, and imagine the Heayens to have gone half 
round the Earth, 


123. When we ſee a Globe hung up in a room, How our 
we cannot help imagining it to have an upper and Farm might 


an under fide, and immediately form a like idea 


as impoſſible for people to ſtand on the under ſide 
of the Earth, as for pebbles to lie on the under 
Wide of a common Globe, which inſtantly fall down 
from it to the ground; and well they may, becauſe 
Wile attraction of the Earth being greater than the 
Wattraction of the Globe, pulls them away. Juſt ſo 
vould be the caſe with our Earth, if it were placed 


have an up- 


per and an 


of the Earth; from whence we conclude, that it is under fide. 


near a Globe much bigger than itſelf, ſuch as 


Jupiter: for then it would really have an upper 
and an under ſide with reſpect to that large Globe; 
WV ich, by its Attraction, would pull away every 
Wis from the fide of the Earth next to it; and 
ol) thoie on its ſurface at the oppoſite ſide 
ould remain upon it. But there is no larger Globe 
cr enough our Earth to overcome its central 
| 1 8 attraction; 
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PLATE If. attraction ; and therefore it has no ſuch thing as an 1 half 


Fig I. 


upper and an under ſide; for all bodies on or near are 
its ſurface, even to the Moon, gravitate H invi 
its center. | Orb 
124. Let any man imagine that the Earth and Þ yea, 
every thing but himſelf is taken away, and he left ¶ con 
alone in the midſt of indefinite ſpace 3 he could pole 
then have no idea of up or down; and were his The 
pockets full of gold, he might take 'the pieces one half 
by one, and throw them away on all ſides of him, Pole 
without any danger of loſing them; for the at- the 
traction of his body would bring them all back by ö Pole 
the ways they went, and he would be down to every true 
one of them. But then, if a Sun or any other ferer 
large body were created, and placed in any part of once 
Space ſeveral millions of miles from him, he would pole 
be attracted toward it, and could not ſave himſelf Moc 
from falling doton to it. I ſhe 1 
| invif 
125. The Earth's bulk i is but a point, as that at likes 

C, compared to the Heavens; and therefore every I Orbi 
inhabitant upon it, let him be where he will, as at fof tt 
u, e, m, 3, &c. ſees half of the Heavens. The i in- from 


habirant n, on the North Pole of the Earth, con- | Aare 
ſtantly ſees the Hemiſphere E N; and having Nortl 

the North Pole N of the Heavens juſt over his Pole. 

head, his Horizon * coincides with the Celeſtial Mappar 

Hf of the Equator EC2. Therefore all the Stars in the Ihighe 
Heavens vi- Northern Hemiſphere ENS, between the Equa- [Jand t 


dle to an 


inhabitant tor and North Pole, appear to turn round the line 234 d 


on any part 
of the Earth. 


NC, moving parallel to the Horizon. The Equa- | Jnorth 


torial Stars keep in the Horizon, and all thoſe in Rdeſce! 
the Southern Hemiſphere ES are inviſible. The ! tion, 
like Phenomena are ſeen by the obſerver s on the then! 
Sout Pole, with reſpect to the Hemiſphere ES; South 
and to him the oppoſite Hemiſphere is always the $1 
inviſible. Hence, unde? either Pole, only one 8 pat 

* The utmoſt limit of a perſon's view, where the Sky ſeems j ke 

to touch the Earth all around, is called his Horizon; Which from 

thitts as the perſon changes his place, ; diſtant 


half ; 


from different Parts of the Earth. 


half of the Heavens is ſeen; for thoſe parts whici 
are once viſible never ſet, and thoſe which are oncs 


inviſible never riſe, But the Ecliptic TC, o: 


Orbit which the Sun appears to deſcribe once a- 
year by the Earth's annual motion, has the half YC 
conſtantly above the Horizon EC of the North 
Pole n; and the other half CA always below it. 
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Therefore while the Sun deſcribes the northern mens 
half Jof the Eclipric, he neither ſets to the North the Poles 


Pole nor riſes to the South ; and while he deſcribes 
the ſouthern half CX, he neither ſets to the South 
Pole, nor riſes to the North. The ſame things are 
true with reſpe& to the Moon; only with this dif- 
ference, that as the Sun deſcribes the Ecliptic but 
once a-year, he is for half that time viſible to each 
Pole in its turn, and as long inviſible ; but as the 


Moon goes round the Ecliptic in 27 days 8 hours, 


ſhe is only viſible for 13 days 16 hours, and as long 


S inviſible to each Pole by turns. All the Planets 
likewiſe riſe and ſet to the Poles, becauſe their 
Orbits are cut obliquely in halves by the Horizon 
of the Poles. When the Sun (in his apparent way 
from X) arrives at C, which is on the 20th of 
March, he is juſt riſing to an obſerver at # on the 
North Pole, and ſetting to another at s on the South 
Pole. From C he riſes higher and higher in every 


Japparent Diurnal revolution, till he comes to the 
Ihigheſt point of the Ecliptic y, on the 21ſt of June, 


Jaad then he is at his greateſt altitude, which is 


232 degrees, or the Arc Ey, equal to his greateſt 


north declination; and from thence he ſeems to 


bo 


[. 


IT - 
* A 
1 
4, 


z 


deſcend gradually in every apparent Circumvolu- 
? 
; 


tion, till he ſets at C on the 23d of Hptember; and 
then he goes to exhibit the like Appearances at the 


7 
s 
2 
: p 


South Po'e for the other half of the year. Hence 
the Sun's apparent motion round the Earth is not 


Jin parallel Circles, but in Spirals; ſuch as might 
be repreſented by a thread vhund round a Globe 
from Trapic to Tropic; the Spirals being at ſome 
diſtance from one another about the Equator, and 


he” gradually 
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PLATE II gradully nearer to each other as they approach to- 


Phenomena 


ward the Tropics. 
26. If the obſerver be any where on the Ter- 


| 3 retrial Equator e C 7, as ſuppoſe at e, he is in the 


Fig. J. 


Remark. 


pline of the Celeſtial Equator ; or under the Equi- 
noctial E C; and the Axis of the Earth nCs is 
ccincident with the plane of his Horizon, extended 
oat to N and $, the North and South Poles of the 
Heavens. As the Earth turns round the line NCS, 
the whole Heavens MO L ſeem to turn round the 
ame line, but the contrary way. It is plain that 
this obſerver has the Celeſtial Poles conſtantly in 
his Horizon, and that his Horizon cuts the Diurnal 
paths of all the Celeſtial bodies perpendicularly, 
and in halves. Therefore the Sun, Planets, and 
Stars, riſe every day, and aſcend perpendicularly 
above the Horizon for ſix hours, and paſſing over 
the Meridian, deſcend in the ſame manner for the 
fix following hours; then ſet in the Horizon, and 
continue twelve hours below it. Conſequently at 
the Equator the days and nights are equally long 
throughout the year. When the obſerver 1s in the 
ſituation e, he ſees the Hemiſphere 8 EN; but in 


twelve hours after, he is carried half round the 


Earth's Axis to 3, and then the Hemiſphere $2 N 
becomes viſible to him; and SEN diſappears. 


Thus we find, that to an obſerver at either of the 


Poles one half of the Sky is always viſible, and the 


ocker half never ſeen; but to an obſerver on the 


Equator the whole Sky is ſeen every 24 hours. 
The Figure here referred to, repreſents a Celeſ- 

tial globe of glaſs, having a Terreſtrial Globe 

within it: after the manner of the Glaſs Sphere in- 


vented by my generous friend Dr. Lone, Lowngdes's 


Profeſſor of Aſtronomy in Cambridge. 


127. If a Globe be held ſidewiſe to the eye, at 
ſome diſtance, and ſo that neither of its Poles can 
be ſeen, the Equator E CN, and all Circles parallel 
to it, as D L, Lg ab X, MO, &c, will appear to be 

3 ſtraight 


8 _ = 23 
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from different Parts of the Earth. 


ſtraight lines, as projected in this Figure; wich ts 


6: 


requiſite to be mentioned here, becauſe ve ſhall 


have occaſion to call them Circles in the following 
Articles of this Chapter *. 

128. Let us now ſuppoſe that the obſerver has 
gone from the Equator e toward the North Pole x, 
and that he ſtops at z, ſrom which place he then 
ſecs the Hemiſphere M El NL ; his Horizon MCL 
having ſhifted as many Degrees + from the Celeſ- 


Phenomena 
between the 
Equator a 
Poles. 


tial Poles NN and S, as he has travelled from under 


the Equinoctial E. And as the Heavens ſeem con- 
ſtantly to turn round the line NC & as an Ax, all 
_ thoſe Stars which are not ſo many degrees from 
the North Pole & as the obſerver is from the Equi- 
noctial, namely, the Stars north of the dotted pa- 


rallel DL, never ſet below the Horizon; and thoſe 


which are ſouth cf the dotted parallel MO never 
riſe above it. Hence the *former of theſe two 
parallel Circles is called zbe Circle of perpetual Appa- 
rition, and the latter the Circle of perpetual Occul- 
tation: but all the Stars between theſe two Circles 
riſe and ſet every day. Let us imagine many Cir- 
cles to be drawn between theſe two, and parallel 


The Circles 
of perpetual 
Apparition 
and Occult 


tation. 


to them; thoſe which are on the north ſide of the 


Equinoctial will be unequally cut by the Horizon 
MCL, having larger portions above the Horizon 
than below it; and the more fo, as they are nearer 
to the Circle of perpetual Apparition; but the re- 
verſe happens to thoſe on the ſouth ſide of the 
Equinoctial, while the Equinoctial is divided in 
two equal parts by the Horizon. Hence, by the 
apparent turning of the Heavens, the northern 
Stars deſcribe greater Arcs or Portions of Circles 
above the Horizon than below i:; and the greater, 
as they are farther from the Equinoctial toward 
the Circle of perpetual Apparition; while the con- 


* The Plane of a Circle, or a thin FRG, Plate, — 
turned edgewiſe to the eye, appears to be a ſtraight line. 
+ A Degree is the 360th part of a Circle. 


trary 
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trary happens to all Stars ſouth of the Equinoctial: 
but tioſe upon it deſcribe equal Arcs both above 
and below the Horizon, and therefore they are juſt 
as long above as below it. | 

129. An obſerver on the Equator has no Circle 
of perpetua! Apparition or Occultation, becauſe all 
the Stars, together with the Sun and Moon, riſe 
and ſet to him every day. But, as a bare view of 
the Figure 1s ſufficient to ſhew that theſe two Cir- 
cles DL and MO are jult as far from the Poles N 
and 9 as the obſerver at z (or one oppoſite to him 
at c) is from the Equator EC2 ; it is plain, that if 
an obſerver begins to travel from the Equator to- 
ward either Pole, his Circle of perpetual Appa— 
rition riſes from that Pole as from a Point, and his 
Circle of perpetual Occultation from the other, 
As the oblerver advances toward the nearer Pole, 
theſe two Circles enlarge their diameters, and come 
nearer one another, until he comes to the Pole; 
and then they meet and coincide in the Equinottial, 
On different fides of the Equator, to obſervers at 
equal diſtances from it, the Circle of perpetual 
Apparition to one is the Circle of perpetual Oc- 
cultation to the other. | 


Why the 130. Becauſe the Stars never vary their diſtances ÞÞ 

Stars always from the Equinoctial, ſo as to be ſenfible in an 
deſcribe the . . . 

fame paral- age, the lengths of their diurnal and nocturnal 

fel of mv- Arcs are always the ſame to the ſame places on the 

the zun a Earth. But as the Earth goes round the Sun every 

different. year in the Ecliptic, one half of which is on the 

north ſide of the Equinoctial, and the other half on 

its ſouth ſide, the Sun appears to change his place 

every day, ſo as to go once round the Circle TCA 

every year, S 114. Therefore while the Sun ap- 

pears to advance northward, from having deſcribed |þ 

the parallel 2+ X touching the Ecliptic in A, the 

days continually lengthen and the nights ſhorten, 

until he comes toy and deſcribes the Parallel y z &, 


when the days are at the longeſt and the nights 5 
1 5 | the 


from different Parts of the Earth. . 


the ſhorteſt : for then, as the Sun goes no farther PLATE 11- 
northward, the greateſt portion that is poſlible of 
the diurnal Arc y z is above the Horizon of the 
inhabitant i; and the ſmalleſt portion z x below it. 
As the Sun declines ſouthward from y, he deſcribes 

I ſmaller diurnal and greater nocturnal Arcs, or Por- 

| tions of Circles, every day; which cauſes the days 
to ſhorten and nights to lengthen, until he arrives 
again at the Parallel a b X ; which having only the 

2? ſmall part a 6 above the Horizon M C L, and the 
great part 6 X below it, the days are at the ſhorteſt 
and the nights at the lougeſt : becauſe the Sun re- 
cedes no farther ſouth, but returns northward as 
before. It is eaſy to ſee that the Sun muſt be in 
the Equinoctial EC © twice every year, and then 
the days and nights are equal:y long; that is, 12 
hours each. Theſe hints ſerve at preſent to give 
an idea of ſome of the Appearances reſulting from 
the motions of the Earth; which will be more 
particularly deſcribed in the tenth Chapter. 


131. To an obſerver at either Pole, the Horizon Pg. f. 
and Equinoctial are coincident; and the Sun and Se 
Stars ſeem to move parallel to the Horizon: there- and Right 
fore ſuch an obſerver is ſaid to have a parallel po- 2 
ſition of the Sphere. To an oblerver any where 
{between either Pole and Equator, the Parallels de- 
aſcribed by the Sun and Stars are cut obliquely by i] 
Ithe Horizon, and therefore he is ſaid to have an ſ 
oblique poſition of the Sphere. To an obſerver 1 
any where on the Equator, the Parallels of Motion, 
delcribed by the Sun and Stars, are cut perpendi- 


| 
cularly, or at Right Angles, by the Horizon; and 1 
| 


its 2 


therefore he is taid to have a right poſition of the 
P phere. And theſe three are all the different ways | 
chat the Sphere can be poſited to all | people on the 1 
1 arth, — 


= | 
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CHAP: V. 


The Phenomena of the Heavens as ſeen from di erent 
Parts of the Solar Syſtem. 


132. GO vaſtly great is the diſtance of the ſtarry 
Heavens, that if viewed from any part of 


the Solar Syſtem, or even many millons of mils! 


beyond it, the appearance would be the very ſame 
to us. The Sun and Stars would all ſeem to be 
fixed on one concave ſurface, of which the fpedta- 
tor's eye would be the center. But the Planets, 
being much nearer than the Stars, their appearance: 
will vary conſiderably with the Place from which 
they are viewed. 

133. If the ſpeQator is at reſt without their 
Orbits, the Planets will ſeem to be at the ſame dil. 
tance as the Stars; but continually changing their 
places with reſpect to the Stars, and to one ano- 
ther: aſſuming various phaſes of increaſe and de- 
creaſe like the Moon; and, notwithſtanding their 
regular motions about the Sun, will ſometime 
appear to move quicker, ſometimes flower, be 3 
often to the welt as to the eaſt of the Sun; and 4 
their greateſt diſtances ſeem quite ſtationary. The 
duration, extent, and diſtance, of thoſe points in 
the Heavens where theſe digreſſions begin and end, 
would be more or leſs, according to the reſpec- 
tive diſtances of the ſeveral Planets from the Sun: 
but in the ſame Planet they would continue ins. 
riably the ſame at all times; like pendulums of 
unequal lengths oſcillating together, the ſhortet 
move quick and go over a ſmall ſpace, the longef 
move flow and go over a large ſpace. If the ob- 
ſerver is at reſt within the Orbits of the Planet 
but not near the common center, their apparet 
motions will be irregular, but leſs ſo than in the 
former caſe. Each of the ſeveral Planets will 2} 


pear bigger and leſs by turns, as they appro 
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nearer to or recede farther from the obſerver; the 
neareſt varying moſt in their ſize. They will alſo 
move quicker or flower with_regarq to the fixed 
Stars, but will never be retrograde or ſtationary. 

134. If an obſerver in motion views the Hea- 

vens, the fame apparent irregularities will be ob- 
ſerved, but with ſome variation refulting from his 
| own motion. If he is on a Planet which has a ro- 
tation on its Axis, not being ſenſible of his own 
motion, he will imagine the whole Heavens, Sun, 
| Planets, and Stars, to revolve about him in the 
| ſame time that his Planet turns round, but the con- 
trary way; and will not be eaſily convinced of the 
| deception. If his Planet moves round the Sun, 
the ſame irregularities and aſpects as above- men- 
| tioned will appear in the motions of the other Pla- 
nets; and the Sun will ſeem to move among the 
fixed Stars or Signs, in an oppoſite direction to that 
E which his Planet moves in, changing its place every 
day as he does. In a word, whether our obſerver 
be in motion or at reſt, whether within or without 
the Orbits of the Planets. their motions will ſeem 
E irregular, intricate,” and perplexed, unleſs he is in 
the center of the Syſtem; and from thence, the 
| moſt beautiful order and harmony will be ſeen by 
him. 

135. The Sun being the center of all the Planets The sun 
motions, the only place from which their motions ca 1 
could be truly ſeen, is the Sun's center; where the from which 
obſeryer being ſuppoſed not to turn round with the n 

Sun (which, in this caſe, we mult imagine to be a plscesofthe 
tranſparent body) would ſee all the Stars at reſt, g be 
and ſeemingly equidiſtant from him. To ſuch an ſeen. 
obſerver, the Planets would appear to move among 
the fixed Stars, in a ſimple, regular, and uniform 
manner: only, that as in equal times they deſcribe 
equal Areas, they would deſeribe ſpaces ſomewhat 
uncqual, becauſe they move in elliptic Orbits, Q 135. 

Their motions would alſo appear to be what they 
are in fact, the ſame way round the Heavens; in 
F paths 
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paths which croſs at ſmall Angles in different party 
of the Heavens, and then ſeparate a little from one 
another, $20, So that, if the Solar Aſtronomer 
ſhould make the Path or Orbit of any Planet 
a ſtandard, and conſider it as having no obliquity, 
§ 201, he would judge the paths of all the reſt to 
be inclined to it ; each Planet having one half of 
its path on one fide, and the other half on the 
oppoſite fide of the ſtandard Path or Orbit. And 
it he ſhould ever ſee all the Planets ſtart from a 
conjunction with each other *, Mercury would 
move ſo much faſter than Venus, as to overtake her 
again (though not in the ſame point of the Heavens) 
in a quantity of time almoſt equal to 145 of our 
days and nights, or, as we commonly. call them, 
Natural Days, which include both the days and 
nights: Venus would move ſo much faſter than 
the Earth, as to overtake it again in 585 natural 
days: the Earth ſo much faſter than Mars, as to 
_ overtake him again in 778 ſuch days: Mars ſo 
much faſter than Jupiter, as to overtake him again 
in 817 ſuch days: and Jupiter ſo much faſter than 
Saturn, as to overtake him again in 7236 days, all 

of our time. | | | 
The jude- 136. But as our ſolar Aſtronomer could have no 
ment that a idea of meaſuring the courſes of the Planets by our 
mee days, he would probably take the period of Mer- 
would pro- cury, Which is the quickeſt moving Planet, for a 
ks. rung meaſure to compare the periods of the others by. 
thotiilence? Ag all the Stars would appear quieſcent to him, he 
the Planets. would never think that they had any dependance 
upon the Sun; but would naturally imagine that 
the Planets have, becauſe they move round the 


Sun. And it is by no means improbable, that he} 


ncarer Planet ſhould hide all the reſt from the obſerver's ſight; 
(tor that would be impoſible, unlefs the interſections of 210 
their Orbits were coincident, which they are not. See 5 21.) 
but when they were all in a line croſſing the ſtandard Orbit at, 
Right Angles, of | 


* Here we do not mean ſuch a ont ob as that the 


Would, 
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from different Parts of the Solar Syſlem. 


would conclude thoſe Planets, whoſe periods are 
quickeſt, to move in Orbits proportionably leſs 
than thoſe do which make ſlower circuits. But 
being deſtitute of a method for finding their Para]- 
laxes, or, more properly ſpeaking, as they could have 
no Parallax to him, he could never know any thing 
of their real diſtances or magnitudes, Their rela- 
tive diſtances he might perhaps gueſs at by their 
| periods, and from thence infer ſomething of truth 
concerning their relative bulks, by comparing their 
apparent bulks with one another. For example, 
| Jupiter appearing bigger to him than Mars, he 
would conclude it to be much bigger in fact; be- 
zauſe it appears ſo, and mult be farther from him, 
on account of its longer period. Mercury and 
the Earth would ſeem much of the ſame bulk; but 
by comparing its period with the Earth's, he would 
conclude that the Earth is much farther from him 
man Mercury, and conſequently that it muſt be 
really bigger, though apparently of the ſame bulk; 
and fo of the reſt. And as each Planet would 
appear ſomewhat bigger in one part of its Orbit 
than in the oppoſite, and to move quickeſt when it 
ſeems biggeſt, the obſerver would be at no loſs to 
conclude thar all the Planets move in Orbits, of 
which the Sun is not preciſely in the center. 


137. The apparent magnitudes of the Planets 
continually change as ſeen from the Earth, which 
demonſtrates that they approach nearer to it, and 


hd 


The Planes 


tarymotions 


very irregu- 
lar as ſeen 


recede farther from it by turns. From theſe Phe- hom 


nomena, and their apparent motions among the 


Earth. 


Stars, they ſeem to deſcribe looped curves which 


never return into themſelves, Venus's path ex- 
cepted. And if we were to trace out all their ap- 
parent paths, and put the figures of them together 
in one diagram, they would appear ſo anomalous 
and confuſed, that no man in his ſenſes could be- 


lieve them to be repreſentations of their real paths; 


but would immediately conclude, that ſuch appa- 
F 2 „ 


J 


8 Tbe apparent Paths of Mercury and Venus, 


PLATE rent irregularities muſt be owing to ſome Optic Þ * 
I. jllufions. And after a good deal of enquiry, he! 
might perhaps be at a loſs to find out the true cauſe Þ 


of theſe irregularities ; eſpecially if he were one of ( 
thoſe who would rather, with the greateſt juſtice, 2 
charge frail man with ignorance, than the Almighty = 
with being the author of ſuch confuſion. Wl ] 
Tho'e of 138. Dr. Loxs, in his firſt volume of Aſtronomy, Ir 
Mereity has given us figures of the apparent paths of all the 


repreſenced. Planets, ſeparately from CassINI; and on ſeeing i i 
them I firſt thought of attempting to trace ſome of 1) 

them by a machine“ that ſhews the motions of the 1 

Sun, Mercury, and Venus, the Earth, and Moon, 12 
according to the Copernican Sy/tem. Having taken t 

off the Sun, Mercury, Venus, I put black-lead I f 

pencils in their places, with the points turned up- 

ward; and fixed a circular ſheet of paſte-board ſo, IP 

that the Earth kept conſtantly under its center in "' 

going round the Sun; and the paſte-board kept its tl 


paralleliſm. Then, preſſing gently with. one hand f 
upon the paſte-board to make it touch the, three t 
pencils, with the other hand I turned the winch 8 


that moves the whole machinery: and as the Earth, 
together with the pencils in the places of Mercury | P 

rig I. and Venus, had their proper motions round the I. ® 
Sun's pencil, which kept at reſt in the center of I "© 

the machine, all the three pencils deſcribed a dia-! 

gram, from which the firſt Figure of the third Plate 

is truly copied in a ſmaller ſize. As the Earth Þ V 


moved round the Sun, the Sun's pencil deſcribed ol 
the dorted Circle of Months, whilſt Mercury's pen- I 
cil drew the curve with the greateſt number of th 
loops, and Venus's that with the feweſt. In their If ©* 
inferioc conjunctions they come as much nearer by 
the Earth, or within the Circle of the Sun's appa- lr 
rent motion round the Heavens, as they go beyond Ii 
it in their ſuperior conjunctions. On each fide of I d! 
the loops they appear itationary : in that part of £ 
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The apparent Paths of Mercury and Venus. 


the reſt of their paths direct. 
If Caſſini's Figures of the paths of the Sun, Mer. 


cury, and Venus, were put together, the Figure as 
above traced out would be exactly like them. It 
| repreſents the Sun's apparent motion round the 
| Ecliptic, which is the fame every year; Mercury's 
motion for ſeven years; and Venus's for eight; in 
| which time Mercury's path makes 23 loops, croſſing 
itſelf ſo many times, and Venus's only five. In eight 
years Venus falls ſo nearly into the ſame apparent 
path again, as to deviate very little from it in ſome 
ages; but in what number of years Mercury and 


the reſt of the Planets would deſcribe the ſame vi- 
ſible paths over again, I cannot at preſent deter- 


mine. Having finiſhed the above Figure of the 
paths of Mercury and Venus, I put the Ecliptic 
| round them as in the Doftor's Book; and added 


the dotted lines from the Earth to the Ecliptic for 


| ſhewing Mercury's apparent or geocentric motion 


therein for one year; in which time his path makes 


three loops, and goes on a little farther ; which 
| ſhews that he has three inferior, and as many ſu- 


perior conjunctions with the Sun in that time; 


and alſo that he 1s fix times ſtationary, and thrice 
retrograde. Let us now trace his motion for one 


year in the Figure. 
Suppoſe Mercury to be ſetting out from 4 to- 
ward 5 (between the Earth and left-hand corner 


each loop next the Earth retrograde; and in all PLaTE 


III. 


of the Plate) and as ſeen from the Karth, his motion Fis- J. 


will then be direct, or according to the order of 
the Signs. But when he comes to B, he appears 
to ſtand (till in the 23d degree of m at F, as ſhewn 
by the line B F. While he goes from B to C, the 
line B F, ſuppoſed to move with him, goes back- 
ward from F to E, or contrary to the order of 


Signs; and when ne is at C, he appears ſtationary 


1 E; having g gone back 114 degrees. Now, ſuppoſe 
bim ſtationary on the firſt of January at C, on the 
och of that month he will appear in the Heavens 

F 3 as 
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The apparent Paths of Mercury and Venus, 


as at 20, near F; on the 2oth he will be ſeen as at 
G; on the 31ſt at H; on the 1oth of February at I; 
on the 2oth at K; and on the 28th at L; as the 
dotted lines ſhew, which are drawn through every 
tenth day's motion in his looped path, and con- 
tinued to the Ecliptic. On the 10th of March he 
appears at M; on the 20th at N; and on the g iſt 
at O. On the roth of April he appears ſtationary 
at P; on the 2oth he ſcems to have gone back 
again to O; and on the zoth he appears ſtationary 
at Q, having gone back 1 1} degrees. Thus Mer- 
cury ſeems to go forward 4 Signs 11 Degrees, or 
131 Degrees; and to go back only 11 or 12 De- 
grees, at a mean rate. From the 3oth of April to 
the 10th of May, he ſeems to move from to R; 

and on the 20th he is ſeęn at S, going forward in 
the ſame manner again, according to the order 
of letters; and backward when they go back; 


which it is needleſs to explain any farther, as the 


reader can trace him out ſo eaſily, through the reſt 


of the year. T he ſame appearances happen in Ve- 


nus's motion; but as ſhe moves ſlower than Mer. 
cury, there are longer intervals of time between 
them. 

Having already, & 120, given ſome account of 
the apparent diurnal motions of the Heavens as 
ſeen from the different Planets, we ſhall not trouble 
the reader any more with that ſubject. * 


CHAP. VI. 


The Ptolemean Sytem refuted. The Mations an | 
Phaſes of Mercury and Venus explained. 


139. H E Tychonic Syſtem, & 97, being ſufti- 
ciently refuted by the 109th Article, 

we ſhall ſay nothing more about it. 
140. The Plolemean Syſtem, & 96, which aſſerts 
the Earth to be at reſt in the Center of the Uni— 
verſe, and all the Planets with the Sun and Stars 


to move round it, is evidently falſe and abſurd. 
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For if this hypotheſis were true, Mercury and 
Venus could never be hid behind the Sun, as their 
Orbits are included within the Sun's: and again, 
theſe two Planets would always move direct, and 

be as often in Oppoſition to the Sun as in Con- 
junction with him. But the contrary of all this 

is true: for they are juſt as often behind the Sun 

as before him, appear as often to move backward 

as forward, and are ſo far from being ſeen at any 
time in the ſide of the Heavens oppoſite to the 
Sun, that they were never ſeen a quarter of a cir- 
cle in the Heavens diſtant from him. 

141. Theſe two Planets, when viewed at differ- Appearan- 
ent times with a good teleſcope, appear in all the © and 
yarious ſhapes of the Moon; which is a plain proof Venus. 
that they are enlightened by the Sun, and ſhine 

| not by any light of their own: for if they did, 
they would conſtantly appear round as the Sun 
does; and could never be ſeen like dark ſpots 
upon the Sun when they paſs directly between him 
and us. Their regular Phaſes demonſtrate them 

to be ſpherical bodies; as may be ſhewn 'by the 
following experiment: 

Hang an ivory ball by a thread, and let any per- Experiment 
ſon move it round the flame of a candle, at two or e 
three yards diſtance from your eye; when the ball round, 
is beyond the candle, ſo as to be almoſt hid by the 
flame, its enlightened fide will be toward you, and 
appear round like the Full Moon: When the ball 
is between you and the candle, its enlightened.fide 
will diſappear, as the Moon does at the Change: 

Whea it is half-way between theſe two poſitions, 

it will appear half illuminated, like the Moon in 

her Quarters: But in every other place between 1 
theſe poſitions, it will appear more or leſs horned A 
or gibbous. If this experiment be made with a | 
flat circular plate, you may make it appear fully W 
enlightened, or not eulightened at all; but can 4 15 
never make it ſeem either horned or gibbous. 


F 4 142. If 


72 The Phenomena of the inferior Planets. 


PLATEIT. 142. If you remove about fix or ſeven yards | 
Fxp-riment from the candle, and place yourſelf ſo that its 
to repreſent flame may be juſt about the height of your eye, 
of Mercury and then deſire the other perſon to move the ball 
and Venus. flowly round the candle as before, keeping it as 
near of an equal height with the flame as he poſh- 
bly can, the ball will appear to you not to move 
io a circle, but to vibrate backward and forward 
like a pendulum, moving quickeſt when it is di- 
rectly between you and the candle, and when di- 
rectly beyond it; and gradually flower as it goes 
farther to the right or left fide of the flame, until 
it appears at the greateſt diſtance from the flame; 
and then, though it continues to move with the 
ſame velocity, it will ſeem to ſtand ſtill for a mo- 
ment. In every Revolution it will ſhew all the 
above Phaſes $ 141; and if two balls, a ſmaller 
and a greatcr, be moved in this manner round the 
candle, the ſmaller ball being kept neareſt the 
flame, and carried round almoit three times as 
often as the greater, you will have a tolerable good 
repreſentation of the apparent Motions of Mercury 
and Venus; eſpecially if the bigger ball deſcribes 
a circle almoſt twice as large in diameter as the 
circle deſcribed by the lefler. 
Fig. il. 142. Let ABCDE be a part or ſegment of the 
: viſible Heavens, in which the Sun, Moon, Planets, 
H and Stars, appear to move at the ſame diſtance from 
iſ the Earth E. For there are certain limits, beyond 
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which the eye cannot judge of different diſtances; 


as is plain from the Moon's appearing to be as 

far from us as the Sun and Stars are, Let the 
1 circle fphiklmno be the Orbit in which Mercury nt 
1. moves round the Sun 5, according to the order 
of the letters. When Mercury TE at / he diſap- 

| pears to the Earth at E, becauſe his enlightened 
1 {fide is turned from it; ele he be then in one of 

| The Flon- his Nodes, 20. 253 in which caſe he will appear 
8 like a dark ipot upon the Sun. When he is at g 

| of Merc. in his Orbit, he appears at B in the Heavens, welt. 


ward 


Sun. 
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ward of the Sun &, which is ſeen at C: when at 5, PLATE ii. 


he appears at A, at his greateſt weſtern elongation 
or diſtance from the Sun; and then ſeems to ſtand 
ſtill. But, as he moves from h to i, he appears to 
go from A to B; and ſeems to be in the ſame place 


when at i, as when he was at g, but not near ſo 


big: at þ he is hid from the Earth E by the Sun 
s; being then in his ſuperior Conjunction. In 
going from & to l, he appears to move from Cto D; 


and when he is at u, he appears ſtationary at E; 
being ſeen as far eaſt from the Sun then, as he 


was weſt from it at A. In going from ; to o in 
his Orbit, he ſeems to go back again in the Hea- 
vens, from E to D; and is ſeen in the ſame place 
(with reſpect to the Sun) at o, as when he was at /; 
but of a larger diameter at o, becauſe he is then 
nearer the Earth E: and when he comes to /, he 
again paſſes by the Sun, and diſappears as before. 
In going from to + in his Orbit, he ſeems to go 
backward in the Heavens from E to A; and in 
going from % to n, he ſeems to go forward from 
A to E, as he goes on from J, a little of his en- 
lightened fide at g is ſeen from E; at H he appears 


half full, becauſe half of his enlightened ſide is 


feen; at 1, gibbous, or more than half full; and 
at & he would appear quite full, were he not hid 
from the Earth E by the Sun 8. Ar / he appears 
gibbous again: at u half decreaſed, at o horned, 
and at F new like the Moon at her Change. He 
goes ſooner from his eaſtern ſtation at n to his 
weſtern ſtation at , than from h to n again; be- 
cauſe he goes through leſs than half his Orbit in 
the former caſe, and more in the latter. 


1:4. In the ſame Figure, let FGHIKLMN be pig. 11. 


the Orbit in which Venus v goes round the Sun 
9, according to the order of the letters: and let 


E be the Earth as before. When Venus is at F, Tue Elon- 
ſhe is in her inferior Conjunction; and diſappears gations and 


like the New Moon, becauſe her dark ſide is to- 


o 
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to the Earth, like the Moon in her firſt quarter: 
at H, ſhe appears gibbous; at J, almoſt full; her 
enlightened fide being then nearly towards the 
Earth: at K ſhe would appear quite full to the 
Earth E; but is hid from it by the Sun S: at L, 
ſhe appears upon the decreaſe, or gibbous; at M, 
more ſo; at M, only halt enlightened; and at F, 
ſhe diſappears again. In moving from N to G, 
Thegreateſt ſhe ſcems to go backward in the Heavens; and 
Eongations from G to NM, forward; but as ſhe deſcribes a 


of Mercury 
. much greater portion of her Orbit! in going from 


azd V 
8 G to N, than from N to G, ſhe appears much 
longer direct than retrograde in her motion. At N 
and G ſhe appears ſtationary ; as Mercury does at 
#2 and h. Mercury, when ſtationary, ſeems to be 
only 28 degrees from the Sun; and Venus, when 
ſo, 47; ; which 1s a demonſtration that Mercury's 
Orbit is included within Venus's, and Venus's 
within the Earth's, 
145. Venus, from her ſuperior Conjunction at 
K to her inferior Conjunction at F, is ſeen on the 
eaſt fide of the Sun $ from the Earth E; and there- 
fore ſhe ſhines in the Evening after the Sun ſets, 
Morning and is called the Evening Star: for, the Sun being 
3 then to the weſtward of Venus, he muſt ſet firſt. 
: From her inferior Conjunction to her ſuperior, ſhe 
appears en the welt ſide of the Sun; and therefore 
riſes before him, for which reaſon he i is called the 
Morning Star. When ſhe is about Nor G, ſhe 
ſhines fo bright, that bodies caſt ſhadows in the 
night-time. = 
146. If the Earth kept always at E, it is evi- 
dent that the ſtationary places of Mercury and 
Venus would always be in the ſame points of the 
Heavens where they were before. For example; 
whilſt Mercury m2 goes from + to u, according to 
the order of the letters, he appears to deſcribe the 
The itation- are ABCDE in the Heavens, direct: and while 
ary places of he goss from 72 to h, he ſeems to deſcribe the ſame 


the planets 
variable. AIC back again, from E to 4, retrograde; always 


al 


— 
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at n and bþ he appears ſtationary at the ſame points 

E and A as before. But Mercury goes round his 

Orbit, from f to f again, in 88 days; and yet there 

are 116 days from any one of his Conjunctions, or 
apparent Stations, to the ſame again: and the 

places of theſe Conjunctions and Stations are found 

to be about 114 degrees eaſtward from the points 

of the Heavens where they were laſt before; which 

proves that the earth has not kept all thar time at 

E, but has had a pꝓrogreſſive motion in its Orbit 

from E to t. Venus alſo differs every time in the 

places of her Conjunctions and Stations; but much 

more than Mercury; becauſe, as Venus deſcribes 

a much larger orbit than Mercury does, the Earth 
advances ſo much the farther in its annual path be- 
fore Venus comes round again. 

147. As Mercury and Venus, ſeen from the The Floh- 
| Earth, have their reſpective Elongations from the 5 Sr / 


. all Saturn's 
Sun, and ſtationary places; ſo has the earth, ſeen inferior pla- 


from Mars; and Mars, ſeen from Jupiter; and nan us 
| Jupiter, ſeen from Saturn. That is, to every ſupe- 
rior Planet, all the inferior ones have their Stations 
and Elongations; as Venus and Mercury have to 
dhe Earth. As ſeen from Saturn, Mercury never 
| goes more than 24 degrees from the Sun; Venus 
4 4+; the Earth 6; Mars 91; and Jupiter 332; ſo 
chat Mercury, as ſeen from the Earth, bas almoſt 
as great a Digreſſion or Elongation from the Sun, 
as Jupiter ſeen from Saturn. 

148. Becauſe the Earth's orbit is included with- A proof ot 
in the Orbits of Mars, Jupiter, and Saturn, they nn 
are ſeen on all ſides of the Heavens: and are as Motion, 
often in Oppoſition to the Sun as in Conjunction 


FF vith him. If the earth ſtood ſtill, they would 
| 


always appear direct in their motions ; never retro- 
grade nor ſtationary, But they ſeem to go juſt as 
often backward as forward; which, if gravity be 
allowed to exiſt, affords a ſufficient proof of the 
Earth's annual motion : and without its exiſtence, 
ihe Planets could never fall from the wagen of 
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PLATE 11, their Orbits toward the Sun, nor could a ſtone, 


which is once thrown up from the earth, ever fall to 
the earth again. 

149. As Venus and the Earth are ſuperior Pla- 
nets to Mercury, they ſhew much the fame Appear- 
ances to him that Mars and Jupiter do to us. Let 
Mercury m be at /, Venus v at F, and the Earth 
at E; in which fituation Venus hides the Earth 
from Mercury; but, being in oppoſition to the 


ef aſuperier Sun, ſhe ſhines on Mercury with a full illumined 


Planet to an 


inferior. 


Orb; though, with reſpect to the Earth, ſhe js in 
conjunction with the ſun, and inviſible, When 
Mercury is at f, and Venus at G, her enlightened 
fide not being directly toward him, ſhe appears a 
_ gibbous; as Mars does in a like ſituation to 

: but, when Venus is at J, her enlightened fide 
is is fo much toward Mercury at f, that ſhe appears 
to him almoſt of a round figure, At K, Venus dif- 
appears to Mercury at f, being then hid by the 
Sun; as well as all our ſuperior Planets are to ns, 
when in conjunction with the Sun. When Venus 
has, as it were, emerged out of the Sun-beems, as 
at L, ſhe appears almoſt full to Mercury at /; at 


AT and N, a little gibbous; quite full at F, and 


largeſt of all; being then in oppoſition to the Sun, 
and conſequently neareſt to Mercury at F; ſhining 
ſtrongly on him in the night, becauſe her diſtance 
from him then is ſomewhat leſs than a fifth part of 
her diſtance from the Earth, when ſhe appears 


roundeſt to it between I and K, or between K and 


L, as ſeen from the Earth E. Conſequently, when 


Venus is oppoſite to the Sun as ſeen from Mercury, 


ſhe appears more than 25 times as large to him as 
ſhe does to us when at the fulleſt, Our caſe is al- 
moſt ſimilar with reſpect to Mars, when he is op- 
Polite to the Sun; becauſe he is then ſo near the 
Earth, and has his whole enlightened fide to- 
ward it. But, becauſe the Orbits of Jupiter and 
Saturn are very large in proportion to the Earth's 


Orbit, theſe two Planets appear much leis . 
5 e 
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fied at their N or diminiſhed at their PLATE u. 


Conjunctions, than Mars does, in proportion to 


their mean apparent Diameters. 


CHAP. VII. 


The phyſical Cauſes of the Motions of the Planets. 


The Excentricities of their Orbits. The Times in 
which the Action of Gravity would bring them to 
the Sun. ARCHIMEDES'S ideal Problem for 


moving the Earth. The world not eternal 


| 150, ROM the uniform projectile motion of Gravitation 


and Pro- 
bodies in ſtraight lines and the univerſal; jection. 


| the Planets 


ſo on, there being nothing to obſtruct or alter its 


motion. But if, when this projectile force has car- 
| ried it, ſuppoſe to B, the body & begins to attract 


it, with a power duly adjuſted, and perpendicular 


| to its motion at B, it will then be drawn from the 


ſtraight line ABX, and forced to revolve about 5 


in the circle BYFU. When the body A comes to Fig: iv. 


U, or any other part of its Orbit, if the ſmall body 
u, within the ſphere of U's attraction, be projected 
as in the right line Z, with a force perpendicular 
to the attraction of U, then u will go round U in 
the Orbit W, and accompany it in its whole courſe 
round the body 9, Here S may repreſent the Sun, 
U the Earth, cad u the Moon. 


151. If a Planet at B gravitates, or is attracted, 
toward the Sun, 1o as to fall from B to y in the 
time 


rbits. 


power of attraction which draws _ off from theſe pig. Iv. 
lines, the curvilineal motions of 

| ariſe. If the body A be projected along the right 
| line ABX, in open Space, where it meets with no 
| reſiſtance, and is not drawn aſide by any other 
| power, it will for ever go on with the ſame ve- 
| locity, and in the ſame direction. For, the force 
which moves it from A to Bin any given time, will Circular 
carry it from B to X in as much more time, and 


A 
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time that the projectile force would have carried it 
from B to X, it will deſcribe the curve BY by the 
combined affon of theſe two forces, in the ſame 
time that the projectile force fingly would have 
carried it from B to X, or the gravitating power 
ſingly have cauſed it to deſcend from B to y; and 


theſe two forces being duly proportioned, and per- 


pendicular to each other, the Planet obeying them 
both will move in the circle BTU. 

I 52, But if, while the projectile force would carry 
the Planet from B to b, the Sun's attraction (which 
conſtitutes the Planet's gravitation) ſhould bring it 
down from B to 1, the gravitating power would 
then be too ſtrong for the projectile force; and 
would cauſe the Planet to deſcribe the curve BC. 


When che Planet comes to C, the gravitating power 


(which always increaſes as the ſquare of the diſtance 
from the Sun & diminiſhes) will be yet ſtronger for 
the projectile force; and by conſpiring in ſome de-. 
gree therewith, will accelerate the Planet's motion 
all the way from C to K; cauſing it to deforibe the 
arcs BC, CD, DE, EF, &c. all in equal times. 


Having its motion thus accelerated, it thereby 
gains ſo much centrifugal force, or tendency to fly 


off at K in the line K, as overcomes the Sun's at- 
traction: and the centrifugal force being too great 
to allow the Planet to be brought nearer the Sun, 
or even to move round him in the circle K/mn, &c. 
it goes off, and aſcends in the curve KLMN, &c. 


its motion decreaſing as gradually from K to B, 


as It increafed from B to K, becauſe the Sun's at- 
traction now acts againſt the Planet's proj ectile mo- 
tion juſt as much as it acted with it before. When 
the Planet has got round to B, its projectile force 
is as much diminiſhed from its mean ſtate about G 


* To make the projectile force balance the gravitating power 
ſo exactly as that the body may move in a Circle, the projec- 
tile velocity of the body muſt be fuch as it would have ac- 


quired by gravity alone in talling through half the radius of 
the circle. 


ee * 


the Planets Motions: 


153. A double projectile force will always ba- 
| lance a quadruple power of gravity. Let the Planet 
at B have twice as great an impulſe from thence 
toward A, as it had before; that is, in the ſame 


19 


* gr N, as it vas augmented at K; and fo, the Sun'sPLATE I. 
' attraction being more than ſufficient to keep the 
Planet from going off at B, it deſcribes the ſame 
Orbit over again, by virtue of the ſame forces or 
| powers. 


length of time that it was projected from B to b, 


as in the laſt example, let it now be projected from 
to c; and it will require four times as much gra- 


vity to retain it in its Orbit: that is, it muſt fall 


| as far as from B to 4 in the time that the projectile 


force would carry it from B to c; otherwiſe it could 
not deſcribe the curve B D, as is evident by the 
Figure. But, in as much time as the Planet moves 


| from B to C in the higher part of its Orbit, it moves 


Fig. IV. 
The Planets 


from I to K, or from K to L, in the lower part deſcribe 


thereof ; becauſe, from the joint action of theſe two 
forces, it muſt always deſcribe equal Areas in equal 
times, throughout its annual courſe. Theſe Areas 


are repreſented by the triangles BSC, CSD, DSE, 


ESF, &c. whoſe contents are equal to one another, 
quite round the Figure, 


154. As the Planets approach nearer the Sun, 


equal Areas 
in equal 
times. 


A difficulty 


and recede farther from him, in every Revolution; ee. 


there may be ſome difficulty in conceiving the rea- 
ſon why the power of gravity, when it once gets 
the better of the projectile force, does not bring 
the Planets nearer and nearer the Sun in every Re- 
Jolution, till they fall upon and unite with him; or 
why the projectile force, when it once gets the 
better of gravity, does not carry the Planets farther 
and farther from the Sun, till it removes them quite 
out of the ſphere of his attraCtion, and cauſes them 


ss go on in ſtraight lines for ever afterward, But by 
conſidering the effects of theſe powers as deſcribed 

in the two laſt Articles, this difficulty will be re- 
| moveds 


80 The phyſical Cauſes of 


moved. Suppoſe a Planet at B to be carried by 
the projectile force as far as from B to b, in the 
time that gravity would have brought it down from 
B to 1: by theſe two forces it will deſcribe the 
curve BC. When the Planet comes down to K, it 
will be but half as far from the Sun & as it was at 
B; and therefore, by gravitating four times as 
firorgly towards him, it would fall from K to “ in 
the ſame length of time that it would have fallen 
from B to 1 in the higher part of its Orbit, that is, 
through four times as much ſpace ; but its projectile 
force is then ſo much increaſed at K, as would carry 
it from A to & in the ſame time; being double of 
what it was at B, and is therefore too ſtrong for the 
gravitating power, either to draw the Planet to the 
Sun, or cauſe it to go round him in the circle Klmn, 
&c. which would require its falling from K to , 
through a greater ſpace than gravity can draw it, 
while the projectile force is ſuch as would earry it 
from K to : and therefore the Planet aſcends in 

/ its Orbit KLMN, decreaſing in its velocity for 
the cauſes already aſſigned in 8 152. 


The Plane- 15. The Orbits of all the Planets are Ellipſes, 
tary Orbits very little different from Circles: but the Orbits of 
ellptical. the Comets are very long Ellipſes; and the lower 
focus of them all is in the Sun. If we ſuppoſe the 

mean diſtance (or middle between the greateſt and 

leaſt) of every Planet and Comet from the Sun to 

Their ex- be divided into i000 equal parts, the Eccentricities 
centricities.”' of their Orbits, both in ſuch parts and in Eng/s/þ 
miles, will be as follow: Mercury's, 210 parts, or 
6,720,000 miles; Venus's, 7 parts, or 413,000 

miles; the Earth's, 17 parts, or 1,377, ooo miles; 

Mars's, 93 parts, or 11,429,000 miles; Jupiter's, 

48 parts, or 20,352,000 miles; Saturn's, 5 5 parts, 

or 42,735000 miles. Of the neareſt of the three 

9 5 forementioned Comets, 1,48, 00 miles; of the 
middlemoſt, 2,02 5,000,000 miles; and of the outer- 
7 moſt, 6, oo, ooo, ooo. 


156. By 
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166. By the above-mentioned law, & 150 C ſeq. The above 
bodies will move in all kinds of Ellipſes, whether £0 
long or ſhort, if the ſpaces they move in be void motions 
of reſiſtance, Only thoſe which move in the longer one wap wi 
© | Ellipſes have ſo much the leſs projectile force im- elliptic 

t preſſed upon them in the higher parts of their 8 8 

s Orbits; and their velocities, in coming down to- 

1 wards the Sun, are ſo prodigiouſly increaſed by his 

1 | attraction, that their centrifugal forces in the lower 
„parts of their Orbits are ſo great, as to overcome 

e the Sun's attraction there, and cauſe them ro aſcend 
„gain towards the higher parts of their Orbits ; 

f FF during which time, the Sun's attraction acting ſo 

e contrary to the motions of thoſe bodies, cauſes 

e them to move flower and ſlower, until their pro- 

„ jectile forces are diminiſhed almoſt to nothing; and 

„ then they are brought back again by the Sun's 

t, I attraction, as before. 


it 157. If the projectile forces of all the Planets tn, what 
n and Comets were deſtroyed at their mean diſtances*imes ths 


r from the Sun, their gravities would bring them would fall 
down fo, as that Mercury would fall ro the Spa | in de can 


by the 
15 days 13 hours; Venus in 39 days 17 Hours; power of 


s, the Earth or Moon in 64 days 10 hours; Mars in tj. 
of 121 days; Jupiter in 290; and Saturn in 767. 
er be neareſt Comet in 13 thouſand days; the mid- 
ic dlemoſt in 23 thouſand days; and the outermoſt in 
1d 60 thouſand days. The Moon would fall-to the 
to Earth in 4 days 20 hours; Jupiter's firſt Moon 
es would fall ro him in 7 hours, his ſecond in 15, his 
/þ MW third in 30, and his fourth in 71 hours. Saturn's 
or BY firſt Moon would fall to him in 8 hours, his ſecond 
do in 12, his third in 19, his fourth in 68 hours, and 
s; his fifth in 336. A ſtone would fall to the Earth's 
's, center, if there were a hollow paſlage, in 21 mi- 
15, © Putes 9 ſeconds. Mr. WHISToN gives the follow- 
cc ing Rule for ſuch Computations. It is demon- 
he © firable, that half the Period of any Planet, when 
er- it is diminiſhed in the ſeſquialteral Prop, tion of 


* Afronomical A of Religion, Dabhi. 
G 
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the number 1 to the number 2, or nearly in the 
proportion of 1000 to 2828, is the time that i th 
would fall to the center of its Orbit.“ This pro. th 
portion is, when a quantity or number contains an- th. 
other once and a halt as much more. | 


le 

i of 

The prodi- 1 58. The quick motions of the Moons of Jupiter b 
g10Us at- P 

traction of And Saturn round their Primaries, demonſtrate that 0 
the Sun and theſe two Planets have ſtronger attractive powers p 

Planets, O 

than the Earth has. For the ſtronger that one of 

body attracts another, the greater muſt be the pro. ra 

jectile force, and conſequently the quicker muſt be ce 

the motion of that other body to keep it from fall. th 

ing to its primary or central Planet. Jupiter's ſe le 

cond Moon is 124 thouſand miles farther from tt 
Jupiter than our Moon is from us; and yet thi 0 

ſecond Moon goes almoſt eight times round Jupiter of 

whilſt our Moon goes only once round the earth, 3 

What a prodigious attractive power muſt the Sun it 

then have, to draw all the Planets and Satellites of tl 

the Syſtem towards him! and what an amazing b 


power mult it have required to put all theſe Planer | Þ 
and Moons i into ſuch rapid motions at firſt! Amar i 
ing indeed to us, becauſe impoſſible to be effected 


by the ſtrength of all the living Creatures in an 8 
4 unlimited number of Worlds; but no ways had WW tt 
| for the Almighty, whoſe Planetarium takes in the 1 
whole Univerſe! 1 
wn. 159. The celebrated AxcHMEDES affirmed he 1 
OO EP tor Could move the Earth, if he had a place at a di 6 
raiſing the tance from it to ſtand upon to manage his machine. 

ay ry *. This aſſertion is true in Theory, but, up 

| examination, will be found abſolutely impoſſible in 
* fact, even though a proper place and materials dl 6 
4 ſufficient ſtrength could be had. ( 
N The finpleſt and eaſieſt method of moving 1 c 
; heavy body a little way is by a lever or crow, where t 
: a bf weight or power applied to the long ari : 
Wh 58 9 *1α Toy oονα nw7,oWw, i. e. Give me a place 10 l 
anden I ſhall move the Earthe 


wil 


1, 
* 


» 
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will raiſe a great weight on the ſhort one. But 
then the ſmall weight muſt move as much quicker 
than the great weight, as the latter is heavier than 


| -the former ; and the length of the long arm of the 


lever muſt be in the ſame proportion to the length 
of the ſhort one. Now, {ſuppoſe a man to pull,” or 
preſs the end of the long arm with the force of 


200 pound weight, and that the Earth contains in 


round numbers, 4,000,000,000,000,000,000,000, 
or 4000 Trillions of cubic feet, each at a mean 
rate weighing 100 pound : and thar the prop or 
center of motion of the lever is 6000 miles from 


the Earth's center: in this caſe, the length of the 


lever from the Fulcrum or center of motion to 
the moving power or weight ought to be 12,000, 
ooo, ooo, ooo, ooo, ooo, ooo, ooo, or 12 Quadrillions 
of miles; and ſo many miles muſt the power move, 
in order to raiſe the Earth but one mile; whence 
it is eaſy to compute, that if ARcHIME DES, or 
the power applied, could move as ſwift as a cannon- 
bullet, it would take 27, ooo, ooo, ooo, ooo, or 27 
Billions of years to raiſe the earth one inch. 

If any other machine, ſuch as a combination of 
wheels and ſcrews, was propoſed to move the Earth, 


the time it would require, and the ſpace gone 


through by the hand that turned the machine, 
would be the ſame as before. Hence we may 


learn, that however boundleſs our Imagination and 
Theory may be, the actual operations of man are 


confined within narrow bounds ; and more ſuited 
to our real wants than to our defites, 


160. The Sun and Planets mutually attract each Hard to 


other: the power by which they do ſo we call determine. 


what Gra- 
Gravity. But whether this power be mechanical viy is. 


or no, is very much diſputed. Obſervation proves 
that the Planets diſturb one another's motions by 
it, and that it decreaſes according to the ſquares of 
the diſtances of the Sun and Planets ; as light, 


which is known to be material, likewif does. 


G 2 Hence 
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Hence Gravity ſhould ſeem to ariſe from the agency 


of ſome ſubtle matter preſſing toward the Sun and 


Planets, and acting, like all mechanical cauſes, by 
contact. But, on the other hand, when we conſider 
that the degree or force of Gravity is exactly in 
proportion to the quantities of matter in thoſe 
bodies, without any regard to their bulks or quan- 
tities of ſurface, acting as freely on their internal 


as external parts, it ſeems to ſurpaſs the power of 


mechaniſm, and to be either the immediate agency 
of the Deity, or effected by a law originally eſta- 
bliſhed and impreſt on all matter by him. But 
ſome affirm that matter, being altogether inert, 
cannot be impreſſed with any Law, even by almighty 


Power: and that the Deity, or ſome ſubordinate 


intelligence, muſt therefore be conſtantly impelling 
the Planets toward the Sun, and moving them with 
the ſame irregularities and diſturbances which Gra- 
vity would cauſe, if it could be ſuppoſed to exiſt, 
But, if a man may venture to publiſh his own 
thoughts, it ſeems to me no more an abſurdity, to 
ſuppoſe the Deity capable of infuſing a Law, or 
what Law he pleaſes, into matter, than to ſuppole 
him capable of giving it exiitence at firſt. The 


manner of both is equally inconceivable to us; but 


neither of them imply a contradiction in our ideas: 
and what implies no contradiction 1s within the 
power of Omnipotence. 

161. That the projectile force was at firſt given 
by the Deity is evident. For, ſince matter can 
never put itſelt in motion, and all bodies may be 
moved in any direction whatſoever ; and yet the 
Planets, both primary and ſecondary, move from 
welt to cait, in planes nearly coincident ; while the 
Comets move in all directions, and in planes very 
different from one another; theſe motions can 
be owing to no mechanical cauſe or neceſlity, 


but to the freer will and power of an intelligent 


Being. 


162. What⸗- | 
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162. Whatever Gravity be, it is plain that it 

acts every moment of time: for if its action ſhould . 
4 ceaſe, the projectile force would inſtantly carry off 
| 


the Planets in ſtraight lines from thoſe parts of 

their Orbits where gravity left them. But, the 
Planets being once put into motion, there is no 

© occaſion for any new projectile force, unleſs they 

meet with ſome reſiſtance in their Orbits; nor for 

any mending hand, unleis they diſturb one another 

too much by their mutual attractions. 
163. It is found that there are diſturbances The Flanets 
among the Planets in their motions, ariſing from ane 
their mutual attractions when they are in the ſame motions. 
quarter of the Heavens ; and the beſt modern ob- 
ſervers find that our years are not always preciſely 

of the ſame length *, Befides, there is reaſon to 
believe that the Moon is ſomewhat nearer the 

! Farth now than ſhe was formerly; her periodical 

month being ſhorter than it was in former ages. 

For our Aſtronomical Tables, which in the preſent The confe- 
Age ſhew the times of Solar and Lunar Eclipſes 7 
to great preciſion, do not anſwer ſo well for very _ 
ancient Eclipſes. Hence it appears, that the Moon 

does not move in a medium void of all reſiſtance, 
9174; and therefore her projeQile force being 

a little weakened, while there is nothing to diminiſh 

her gravity, ſhe muſt be gradually approaching 

| nearer the Earth, deſcribing ſmaller and ſmaller 
Circles round it in every Revolution, and finiſhing 

her Period ſooner, although her abſolute motion 


* If the Planets did not mutually attract one another, the 
areas deſcribed by them would be exactly proportionate to the 
times of deſcription, $ 15 3. But obſervations prove that theſe 
areas are not in ſuch exact proportion, and are moſt varied 
when the greateſt number of Planets are in any particular 
quarter of the Heavens, When any two Planets are in con- 
junction, their mutual attractions, which tend to bring them 
nearer to one another, draws the inferior one a little farther 
from the Sun, and the ſuper:or one 4 little nearer to him; by 
aich means, the figure of, their Orbits is ſomewhat altered; 
but this altczation is too {wall to be e ages. 

| © Hy with 
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Of Light. Its proportional 
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with regard to ſpace be not ſo quick now as it was 
formerly : and, therefore, ſhe muſt come to the 
Earth art laſt ; unleſs thar Being, which gave her a 


ſufficient projcdlile force at the beginning, adds a 


little more to it in due time. And, as all the Pla- 
nets move in ſpaces full of ether and light, which 
are material ſubſtances, they too muſt meet with 
ſome reſiſtance. And therefore, if their gravities 
are not diminiſhed, nor their projectile forces in- 
creaſed, they muſt neceſſarily approach nearer and 
nearer the Sun, and at length fall upon and unite 
with him. 

164. Here we have a ſtrong philoſophical argu- 
ment againſt the eternity of the World. For, bad 


it exiſted from eternity, and been lefty the Deity 


to be governed by the combined actions of the 
above forces or powers, generally called Laws, it 
had been at an end long ago. And if it be left to 
them, it mult come to an end. But we may be 


certain that it will laſt as long as was intended by 


its Author, who ought no more to be found fault 
with for framing ſo Pr a work, than for 
making: man mortal. 


CHAP. VIII. 


Quantities on the differcst 
Plancts. Its Refraftions in Water and Air, Ti: 


Atmoſphere ; its Weight and Fe, The Hori 
zontal Moon. | 


165. IGH T conſiſts of exceeding ſmall par- 


ticles of matter iſſuing from a luminous 


body; as from a lighred candle ſuch particles of 


matter conſtantly flow in all directions. Dr. N1zw- 


he amaze ENTYT * computes, that in one ſecond of time there 


ing ſmail- 
neſs of the 


flows 418,660, oo, ooo, oo, ooo, ooo, ooo, ooo, ooo, 


particles of Oo, ooo, ooo, ooo, ooo particles of light out of 2 


1 Zht. 


burning candle; which number contains at leaſt 


* Rel isious Philoſopher, Vol. ut. p · 65. 


6,3 3 75 
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6, 337,242, ooo, ooo times the number of grains 
of ſand in the whole Earth; ſuppoſing 100 grains 
of ſand to be equal in length to an inch, and con- 
ſequently, every cubic iach of the Earth to con- 

tain one million of ſuch grains. 
166. Theſe amazingly ſmall particles, by ſtrik- The drend- 
ing upon our eyes, excite in our minds the idea — 
of light: and, if they were as large as the ſmalleſt eee 
particles of matter diſcernible by our beſt micro- jrger. © 
ſcopes, inſtead of being ſerviceable to us, they 
would ſoon deprive us of fight by the force ariſing 
from their immenſe velocity, which is above 164 
thouſand miles every ſecond*, or 1,230,000 times 
ſwifter than the motion of a cannon bullet. And 
therefore, if the particles of light were ſo large, 
that a million of them were equal in bulk to an 
ordinary grain of ſand, we durſt no more open our 

eyes to the light, than ſuffer ſand to be ſhot point 
blank againſt them. 

167. When theſe ſmall particles, flowing from Howobjeas 
the Sun or from a candle, fall upon bodies, and 1 
are thereby reflected to our eyes, they excite in 
us the idea of that body, by forming its picture 
on the retina+. And ſince bodies are viſible on 
all ſides, light muſt en from them in all 
direct ions. 

168. A ray of light is a continued ſtream of The rays of 
theſe particles, flowing from any viſible body in a me os. 
{traight line. That the rays move in ſtraight, and infiraight 
not in crooked lines, unleſs they be refracted, is 
evident from bodies not being viſible if we endea- 
vour to look at them through the bore of a bended 
pipe; and from their ceaſing to be ſeen by the 
interpoſition of other bodies, as the fixed ſtars by 
the interpoſition of the Moon and Planets, and 
the Sun wholly or in part by the interpoſition of 
the Moon, Mercury, or Venus. And that theſe a prooftvat 
rays do not interfere, or;joſtle one another out of e der 


nor one an- 


* This will be demonſtrated in the eleventh Chapter. O IT'S iO 
tions. 
+ A fine net- work membrane in the bottom of the eye. 
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PLATE Il. their ways, in flowing from different bodies all. 


Fig. XI. 


In what 
proportion 
ght and 
beat de- 
creaſe at 
any gi eu 


diſtance breadth of the plane B; and treble when AD is 


from the 
Sun. 


pends on the Sun's rays, (§ 85, toward the end) 


examined by the light of a candle placed at 4. 


diſtance AC double of AB, is diviſible into four 


Concerning the Nature and 


around, is plain from the following Experiment.] 
Make a little hole in a thin plate of metal, and 
ſer the plate upright on a table, facing a row off 
lighted candles ſtandipg by one another; then“ 
place a ſheet of paper or paſteboard at a little diſ. 
tance from the other ſide of the plate, and the ray: q 
of ail the candles, flowing through the hole, will 
form as many ſpecks of light on the paper as" 
there are candles be fore the plate; each ſpeck 2 
diſtinct and large, as if there were only one candle 
to caſt one {peck 3 which ſhews that the rays are 
no Tan wre to each other in their motions, al- 
though they all crols in the hole. 


169. Light, and therefore heat, ſo far as it de- 


decreaſes in proportion to the ſquares of the diſ- 
tances of the Flanets from the Sun. This is eaſily 
demonſtrated by a Figure which, together with 
its detcription, I have taken from Dr. SMiTH's 
Optics*. Let the light which flows from a point 
A, and paſſes through a ſquare hole B, be receiv- 
ed upon a plane C, parallel to the plane of the 
hole ; or, if yon pleaſe, Jet the figure C be the 
ſhadow of the plane B; and when the diſtance Cis 
double of B, the length and breadth of the ſha- 
dow C will be each double of the length and 


treble of AB; and ſo on: which may be eaſily 
Therefore the ſurface of the ſhadow C, at the 


ſquares, and at a treble diſtance, into nine ſquares, 
3 ally equal to the ſquare B, as repreſented in 


the F.gure. Ihe light then which falls upon the fro 


Phen B, being ſuffered to pals to double that Jul 
diſtance, wi! be uniformly ſpread over four times 
the ace, and cunſequently will be four times 


* Book I. Art. 57 


thinner 
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thinner in every part of that ſpace; and at a treble LArE i- 


diſtance, it will be nine times thinner; and at a 
| quadruple diſtance, ſixteen times thinner, than it 
was at firſt ; and ſo on, according to the increaſe 
of the ſquare ſurfaces B, C, D, E, built upon the 
diſtances AB, AC, AD, AE. Conſequently, the 
quantities of this rarefied light received upon a 
) ſurface of any given ſize and ſhape whatever, re- 
moved ſucceſſively to theſe ſeveral diſtances, will 
be but one fourth, one ninth, one ſixteenth of 


the whole quantity received by It at the fark diſ- 


” tance AB, Or, in geperal words, the denfities and 
! quantities of light, received upon any given plane, 
are diminiſhed in the ſame proportion, as the 
ſquares of the diſtances of that plane, from the 
luminous body, are increaſed: and, on the con- 
trary, are increaſed in the ſame proportion as theſe 
ſquares are diminiſhed, 


170. The more a teleſcope magnifies the diſks iy the 


of the Moon and Planets, they appear ſo much, 


tanets ap- 


pear dim- 


dimmer than to the bars eye; becauſe the, tele. mer when 


ſcope cannot magnify the quantity of light as it 


viewedthro” 
teleſcopes 


does the ſurface; and, by ſpreading the ſame than by the 


quantity of light over a ſurface ſo much larger 
than the naked eye beheld, juſt ſo much dimmer 
mult it appear when viewed * a teleſcope than 
by the bare eye. 

171. When a ray of light paſſes out of one 
medium* into another, it is refrafiel, or turned 
out of its firſt courſe, more or leſs as it falls 
more or lefs obliquely on the refracting ſurface 


which divides the two mediums. This may be 


proved by ſeveral experiments; of which we ſhall 


bare eye. 


only give three for example's ſake. 1. In a bafon, rig. vin. 


TOA, put a piece of money, as DB, and then retire 
from it to A; that is, till the edge of the baſon at E 
Juit hides the money. trom your tight; then Keep- 


4 


* A medium, in this nie, i is any tranſparent body, or that 


through which the rays of light can pals ; as water, glaſs, dia- 
n. O. id, air, and even à vacuum is jometimes called a Medium, 
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Refraction 
of the rays 


they are not refracted at all. 


Concerning ibe Aimoſphere. 4 
ing your head ſteady, let another perſon fill the i 


baſon gently with water. 
ſee more and more of the piece DB; which will 


be all in view when the baſon is full, and appear | [ 
as if lifted up to C. For the ray AEB, which! 
was ſtraight while the baſon was empty, is now 


bent at the ſurface of the water in E, and turned 


out of its rectilineal courſe into the direction E D. 


Or, in other words, the ray DE R, that proceeded 
in a ſtraight line from the edge D while the baſon 


was empty, and went above the eye at A, is now 


bent at E; and inſtead of going on in the recti- 


lineal direction D E K, goes in the angled direction 


DE d, and by entering the eye at 4 renders the 
object D viſible. Or, 2dly, Place the baſon 
where the Sun ſhines obliquely, and obſerve where 
the ſhadow of the rim E falls on the bottom, as at 
B: then fill it with water, and the ſhadow will fall 
at D; which proves, that the rays of light, falling 
obliquely on the ſurface of the water, are refracted, 
or bent downward into it. 


172. The leſs obliquely the rays of light fall 


upon the furface of any medium, the leſs they are 


refracted; and if they fall perpendicularly on it, 
For, in the laſt ex- 
periment, the higher the Sun riſes, the leſs will 
be the difference between the places where the 
edge of the ſhadow falls, in the empty and full 
baſon. And, 3gdly, If a ſtick be laid over the 
baſon, and the Sun's rays being reflected perpen- 


_ dicularly into it from a looking-glaſs, the ſhadow 


The Atmo- 


ſphere. 


of the ſtick will fall upon the fame place of the bot- 
tom, whether the baſon be full or empty. 

173. The denſer that any medium is, the more 
is light refracted in paſſing through it. 


174. The Earth is ſurrounded by a thin fluid 
maſs of matter, called the Air or Atmoſphere, 
which gravitates to the Earth, revolves with it 
its diurnal motion, and goes round the Sun with 


3 a 0 


2 


As he fills it, you will t 
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weight of all the Air above it, is preſſed the cloſeſt 
iagetber; and therefore the atmoſphere is denfeſt 
of all at the Earth's Surface, and becomes gradu- 
be rarer higher up. It is well known“ that the 
Air near the ſurface of our Earth poſſeſſes a ſpace 
about 1200 times greater than Water of the ſame 
weight. And therefore, a cylindric column of 
Air 1200 feet high, is of equal weight with a cylin- 
der of Water of the ſame breadth, and but one 
foot high. But a cylinder of Air reaching to the 
top of the Atmoſphere is of equal weight with a 
cylinder of Water about 33 feet high and there- 


fore, if from the whole cylinder of Air, the lower 


part of 1200 feet high is taken away, the remaining 
upper part will be of equal weight with a cylinder 
of Water 32 feet high; wherefore, at the height 
of 1200 feet, or two furlongs, the weight of the 


incumbent air is leſs, and conſequently the rarity 


of the compreſſed Air is greater than near the 
Earth's ſurface, in the ratio of 33 to 32. And 


the Air at all heights whatſoever, ſuppoſing the 


| expanſion thereof to be reciprocally proportional 
to its compreſhon; and this proportion has been 
proved -by the experiments of Dr. Hooke and 


others. The reſult of the compuration I have ſet 


down in the annexed Table: in the firſt column 


of which you have the height of the Air in miles, 


| whereof 4000 make a ſemi-diameter of the Earth; 


| in the ſecond the compreſſion of the Air, or the 


| incumbent weight; in the third its rarity or ex- 
panſion, ſuppoling gravity to decreaſe in the du- 


plicate ratio of the diſtances from the Earth's 
center. And the ſmall numeral figures are here uſed 


to ſhew what number of cyphers muſt be joined 


* NtwTon's Syſtem of the World. p. 120. 
{ This is evident from common pumps 


it every year. This fluid is of an elaſtic or ſpringy 
nature, and its loweſt part, being preſſed by the 
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to the numbers expreſſed by the larger figures, as 
o. 1224 for 0.00000029c0000000001224, and 
26956'* for 269560000000c0200000, 


| A1R's 8 
1 " OS — ING 
The Height. | Comprethon. | Expanſion, 
and rarity at © 33 N . + 1 | 
ditferent 5 17.8515 _ . 1.8486 
ketghts- 10} 9.60717. . 3.4161 
| 20 2.862. 61.671 
| 40] O. 2825. | « 136.83 
| 400] c. 171224. 2695615 
3000 0. 174465 73907 
40000] o. 192628 J 26263189 
1 400000] 0. 2178956 | 41798297 
| 40000c0] . 229878 | 334147 99 
| Infinite, 0. 129941 86222 
From the above Table it appears that the Air 
in proceeaing upward is rarefied in ſuch manner, 
that a ſphere of that Air which is neareſt the Earth 
but of one inch diameter, if dilated to an equal 
rarefaction with that of the Air at the height of 
ten ſemi-diameters of the Earth, would fill up 
more {pace than is contained in the whole Heavens 
on this fide the fixed Stars. And it likewiſe ap- 
pears that the Moon does not move in a perfectly 
free and unreſiſting medium; although the Air, 
at a height equal to her diſtances, is at leaſt 
34 co times thinner than at the Earth's ſurface; 
and therefore cannot reſiſt her motion, ſo as to 
be ſenſible in many ages. 
Its weicht 175. The weight of the Air, at the Earth's ſur- 
how found. 


face, is found by experiments made with the Air- 
pump; and allo by the quantity of mercury that 
the Atmoſphere balances in the barometer; in 
which, at a mean ſtate, the mercury ſtands 293 
inches high. And if the tube were a ſquare inch 
wide, it would at that height contain 294 cubic 


inches of mercury, which is juſt 15 pound weight; 
and 
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and ſo much weight of air every ſquare inch of 

the Earth's ſurface ſuſtains; and every ſquare foot 

144 times as much, becauſe it contains 144 ſquare 

inches. Now, as the Earth's ſurface contains, in 

round numbers, 200,000,000 ſquare miles, it muſt 

contain no leſs than 5,575,680,000,c09,000 ſquare 

feet; which being multiplied by 2160, the num- 

ber of pounds on each ſquare foot, amounts to 

12, 043,468, 800, ooo. 000,000 pounds, for. the 

| weight of the whole Atmoſphere. At this rate, a 

* middle-fized man, whoſe ſurtace is about 15 ſquare 

feet, is preſſed by 32,400 pound weight of Air all 

around]; for fluids preſs equally up and down, and 

on all ſides. But, becauſe this enormous weight 

is equal on all ſides, and counterbalanced by the 

| ſpring of the Air diffuſed through all parts of our 

| bodies, it is not in the leaſt degree felt by us. 

| 176. Oftentimes the ſtate of the Air is ſuch, A common 
that we feel ourſelves languid and dull; which is a che 

| commonly rhought to be occaſioned by the Air's weight of 

being foggy and heavy about us. But that the 

Air is then too light, is evident from the mer— 

cury's ſinking in the barometer, at which time it 

is generally found that the Air has not ſufficient 

ſtrength to bear up the vapours which compoſe 

the Clouds: for, when it is otherwiſe, the Clouds 3 

mount. high, and the Air is more elaſtic and weighty 

about us, by which means it balances the internal 

ſpring of the Air within us, braces up our blood- 

reſſels and nerves, and makes us briſk and lively, 

177. According to Dr. KEILL, and other aſtro- wirhout an 
nomical writers, it is entirely owing to the Atmo- Atmoſptere 
ſphere that the Heavens appear bright in the day- 8 
pk For, without an Atmoſphere, only that was appear 


. 1 dark, and 
part of the Heavens would ſhine in which the Sun we thould 


was placed: and if we could live without Air, barenotwi- 
f a ; C light. 

and ſhould turn our backs toward the Sun, the 

whole Heavens would appear as dark as in the 


See his Aſtronomy, p. 232. 


night, 
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PLATE night, and the Stars would be ſeen as clear as in co 
the nocturnal ſky. In this caſe, we ſhould have] at 
no twilight; but a ſudden tranſition from the] 

brighteſt ſunſhine to the blackeſt darkneſs imme. an 

diately after ſun-ſet ; and from the blackeſt dark. ] Su 
neſs to the brighteſt ſun ſhme at ſun-rifing ; which 
would be extremely inconvenient, if not blinding are 
to all mortals. But, by means of the Atmo- the 
ſphere, we enjoy the Sun's light, reflected fronſſ wh 
the aerial particles, for ſome time before he riſs}} Co! 
and after he ſets. For, when the Earth by is ſur 
rotation has withdrawn our fight from the Sum Vet 
the Atmoſphere being ſtill higher than we, has " 

Sun's light imparted to it; which gradually de bre 

creaſes until he has got 18 degrees below the Hofſh Ea 

rizon; and then, all that part of the Atmoſpher 
which is above us is dark. From the length of 

twilight, the Doctor has calculated the height di 

the Atmoſphere (ſo far as it is denſe enough to re 

flect any light) to be about 44 miles. But it | 
ſeldom denſe enough at two miles height ro ben : 
up the Clouds. : 


1. bringsthe 178. The Atmoſphere refracts the Sun's raj 
before he ſo, as to bring him in ſight every clear day, befor 
riſes, and he riſes in the Horizon; and to keep him in vie 
gs hep IM | ſome minutes after he is really ſet below iti 
ke ſets. For, at ſometimes of the year, we ſee the Sun tei 
minutes longer above the Horizon than he woull 
be if there were no refractions: and about fix m 
nutes every day at a mean rate. 
Fig. IX. 179. To illuſtrate this, let TE K be a part d 
the Earth s ſuriace, covered with the Atmoſphei 
HC; and let HEO be the ſenſible Horizon 
of an obſerver at E. When the Sun is at A, real 
below the Horizon, a ray of light, AC, Proceedily 
15 him comes ſtraight to C, where it falls FF 
he ſurface of the Atmoſphere, and there entericg 


a 135 fer mediuin, it is turned out of its rectiline- 


* As far as one can ſee round him on the Earth. 


courtk 


r OE od Go * 
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courſe ACdG, and bent down to the obſerver's eye 
at E; who then ſees the Sun in the direction of the 
refracted ray E de, which lies above the Horizon, 
and being extended out to the Heayens, ſhews the 
Sun at B, F 171. | 

180. The higher the ſun riſes, the leſs his rays 
are refracted, becauſe they fall leſs obliquely on 
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the ſurface of the Atmoſphere, 8 192. Thus, 


when the Sun is in the direction of the line Ef L 
continued, he is ſo nearly perpendicular to the 
ſurface of the Earth at E, that his rays are but 
very little bent from a rectilineal courſe. | 
181. The Sun is about 324 min. of a deg. in 
breadth, when at his mean diſtance from the 
Earth; and the horizontal refraction of his rays is 
332 min. which being more than his whole dia- 
meter, brings all his Diſc in view, when his upper- 
moſt edge riſes in the Horizon. At ten deg. 


The quan- 


tity of Re- 


fractions 


height, the refraction is not quite 5 min.; at 20 


deg. only 2 min. 26 ſec. ; at 30 deg. but 1 min. 


32 ſec. ; and at the Zenith, it is nothing; the quan- 


tity throughout, is ſhewn by the annexed table, 
calculated by Six Isaac NEwTOx. 
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| 182, A TaBLE ſbercing the Refraction- 
of the Sun, Moon, and Stars; 
adapied to their apparent Alti- 
_ tudes. | 
Appar. | Refrac- | Ap. | prom Ap.] Refrac- 
| Alt. tion. [Alt.] tion. [Alt.] tion, 
b. M. M. s. D. NM. 8. b. M. 8. 
o © 33 4 e 36 
O 1530 24 | 22 3: 17.8 $7 9 35 
o 3027 35234 2 558 o 34 
S8 46 25 ain co 0 $9 |: @ $2 
1: 0144 ö . 031 
5 Ic 121. 20 1264 49 || 6r oo" 30 
1 30 | 19 46 | 27-1. 1 44 | 02 O 28 
1 46] 18: 22 Y-23T 1-20 3 03 1 © u7 
2-019: 8429 1] „ 360 
a 30 i 230 1 31656 0 25 
5 9 4 20 31 r 28 66 0 as 
3 30 57 32 .-.25- 97:10 23 
4 is 48 1-33 | 2- 2+ | D0-7-- 0. 84 
4 30 9 co 434} x -19 409+ o 
WE BD P ̃¾ . » OW. 9 
5 30 8 21 | 30 I 13 71 o 19 
d 0 7 43 37] 1 ar $723 ]: ©:-48 
6-901 7: 14/3144 9734-9 -487 
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7 EIT EB Ws LI 
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8 30 3 -40 | 42 1 &@Þ 77-0 33 
9.:.0]-5 a2 43} 0 :58:3-79:1 0 13: 
9 30% M 4-79 ]-0:.-18:] 
10 0:1. „ £(2:11-451-0- 54 | v0 5 :0:.10:| 
- 55 4:27 i re —y 
ja 12 04 i149 0 · 0: 0 
13 | 3-47 1-49] 3 17 
| 14 o| 3-31] 49-0. 47] 34] 0. 6 
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185 6 3 4 51 44488 © 4 
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183. In all obſervations, to have the true alti- pLAr II. 


tude of the Sun, Moon, or Stars, the retraction 
muſt be ſubtracted from the obſerved altitude. 


97 


| But the quantity of refraction is not always the The incon- 
ſame at the ſame altitude; becauſe heat diminiſhes H 


the Air's refractive power and denſity, and cold 
increaſes both; and therefore no one table can 
ſerve preciſely for the ſame place at all ſeaſons, 
nor even at all times of the ſame day, much leſs 
for different climates; it having been obſerved 
that the horizontal refractions are near a third part 
lels at the Equator than at Paris, as mentioned by 
Dr. SMITH in the g7oth remark on his Optics, 


| where the following account is given of an extra- 


| ordinary refraction of the Sun-beams by cold, 
„There is a famous obſervation of this kind made 


Refractions. 


by ſome Hollanders that wintered in Nova Zembla A very re- 


in the year 1596, who were ſurprized to find, that 


mark able 
caſe con- 


| after a continual night of three months, the Sun cerning | 


| began to riſe ſeventeen days ſooner than according 
to computation, deduced from the Altitude of the 
| Pole obſerved to be 76“: which cannot otherwiſe 
be accounted for, than by an extraordinary refrac- 
tion of the Sun's rays paſſing through the cold 
denſe air in that climate, Kepler computes that 
| the Sun was almoſt five degrees below the Horizon 
| when he firſt appeared; and conlequently the re— 
fraction of his rays was about nine times greater 
than it is with us.“ * 

184. The Sun and Moon appear of an oval 


figure, as F CG D, juſt after their riſing, and be- pig. x. 


tore their ſetting : the reaſon of which is, the re- 
traction being greater in the Horizon than at any 
diſtance above it, the lower limb G is more ele- 
vated by it than the uppermoſt. But although the 
refraction ſhortens the vertical Diameter FG, it has 
no ſenſible effect on the horizontal Diameter C O, 
which is all equally elevated. When the refraction 
is ſo ſmall as to be imperceptible, the Sun and 
Moon e PRrt Peg Togun, as AE BF. 

1856. We 


refraction. 
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On imagi- 
nano 


of ue 
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185. We daily obſerve, that the objects which 


1 — . . 
. appear moſt diſtinct are generally thoſe which are 
„ f nearelt to us; and conſequently, when we have 


nothing but our imagination to aſſiſt us in eſtimat. 


die objects. ing of diſtances, bright objects feem nearer to uz 


PLATE II. 
Fig. V. 


than thole which are leſs bright, or than the ſame 
objects do when they appear leſs bright and work 
delin d, even though their diſtance io both cafe 
be the lame. And it in both caſes they are ſeen 
under the fame Angle *, our imagination natu. 


raily 


* An Angle is the inclination of two right lines, as 7 Hand 
K V, meeting in a point at H; and in deicribing an Angle by 
three letters, the middle letter always denotes the angular 
p int: thus, the above lines / Hand K H meeting each other 
at 77 make the age [7 K; and the point H is ſuppoſed to 
be the center of a Circle, the circumterance of which contains 
360 equal parts, called Degrees. A fourth part of a Circle, 


called a Quadrant, as G , contains go degrees; and every 


Angle i meatured by the number of degrees in the Arc it cuts 
off; as the Angle EH“ is 35 degrees, the Angle EHF 3 3, &, 
and io the Angle EF 1s the fame with the Angle CN, and 
alſo with the Angle HM. becauſe they all cut off the ſane 
Arc or portion of the Quadrant H G; but the Angle E H 
is greater than the Angle CHD or 4 HL, becauſe it cuts oft; 
greater Arc. 

The aenrcr an object is to the eye, the bigger it appears, 
and it is ſe: n under the greater Angle. To illuſtrate this 1 
jiitle, tuppote an Arrow in the poſition IK, perpendicular to the 
right line 77-7, drawn item the eye at H through the middle ot 
the uro at O. 1: is plain that the Arrow is ſeen under the 
Angle 117k, and that HO, which is its dii'ance from the eye, 
divides into hatves both the Arrow and the Angle under which 
it is jeen, dus. the Arrow into / O, OK; and the Angle into 
{ff} and KO: and this will be the caje whatever dittance 


the Arrow is placed at. Let now three arrows, all of the lame 


length with K, be placed at the diſtances IIA, HC HE, fil 
perpendicular to, and bifected by the tight line HA; then wil 
At, CD, EF, be each equal to, and repteſent O 1; and 46 
(che fame as O 7) will be ſeen from Hu der the Angle 4H5; 
but CD (the ame as O07) will be teen under the Angle C JI. 
or 411 IU, aud  # (the fame as OI) will be ſeen under ti 
Angle EH, or CH, or Ai. Alſo EP, or Of, at the di- 
tance Ht, wil happear as lang as ON would at the diſtance 50 
or as 2M would at the diſtance H.; and C D, or. O, at tue 
distance HC, will appear as long as 4 L would at the — 

b A, 
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ſuch as houſes or trees: for proof of which, che 


hand; the breadth of the river being hid from 


diſtance than it really is at. But, if he goes to a 


than he imagined; and therefore fancies it o be 


have been deceived, by taking a red coat of arms, 


tude and the Angle under which 1t is {ven increale; ; and the 
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rally ſuggeſts an idea of a greater diſtance between 
us and thoſe objects which appear fainter and 
worſe defined than thole which appear brighter 
under the ſame Angles; eſpecially it they be ſuch 
objects as we were never near to, and of whoſe 
real Magnitudes we can be no judges by light. 

186. But, it is not only in judging of the dif- _ 
ferent apparent Mapnitudes of the ſame objects, which are 
which are better or worſe defined by their being? 
more or leſs bright, that we may be deceived : for 
we may make a wrong concluſion even when we 
view them under equal degrees of brightnels, and 
under equal Angles ; al chou: oh they be objects 
whoſe bulks we are generally acquainted with, 


two following inſtances may ſuffice: 
Firſt, When a houſe is ſeen over a very broad The reaſon 


| river by a perſon ſtanding on low ground, who gged. 


ſees nothing of the river, nor knows of it before- 


him, becauſe the banks ſeem contiguous, he loſes 
the idea of a diſtance equal to that breadth; and 
the houſe ſeems ſmall, becauſe he fefers it to a leſs 


place from which the river and interjacent ground 
can be ſeen, though no farther from the houſe, he 
then perceives the houſe to be at a greater diſtance 


bigger than he did at firſt; although in both ciſes 
it appears under the ſame angle, and conſequently 
makes no bigger picture on the retina of his eye 
in the latter caſe than it did in the former. Many 


fixed upon the iron gate in Clare-Huall walks at 


H A. So that as an object approaches the eye, both its * agni- 


coutrary as the object ræcedes. 


„„ Cambridge, 
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PLATE II. Cambridge, for a brick houſe at a much greater 


Fig. XII. 


The Phenomena of the 


diſtance *, 

Secondly, In f:ggy weather, at firſt fight, we 
generally imagine a ſmall houſe, which is juſt at 
hand, to be a great caſtle at a diſtance ! becauſe it 
appears ſo dull and ill-defined when ſeen through 
the Mift, that we refer it to a much greater diſ- 
tance than it really is at ; and therefore, under the 
ſame Angle, we judge it to be much bigger. For, 
the near object FE, teen by the eye A BD, appears 
under the ſame Angle G C H that the remote ob- 
Jet G 7 does: and the rays GFCN and HE CM, 
croſſing one another at C in the pupil of the eye, 
limit the ſize of the picture MN on the retina, 
which is the picture of the object FE; and if FE 
were taken away, would be the picture of the ob- 
ject G HI, only worſe defined; becauſe G HI 
being farther off, appears duller and fainter than 
FE did. But when a Fog, as K L, comes be- 
tween the eye and the object FE, the object ap- 
pears dull and ill-defined like G H 1; which cauſes 


our imagination to refer FE to the greater diſ- 


tance CH, inſtead of the ſmall diſtance C E, which it 
really is at. And conſequently, as miſ-judging 
the diſtance does not in the leaſt diminiſh the 
Angle under which the object appears, the ſmall 
hay-rick F E ſeems to be as big as GH. 


* Thefields which are beyond the gate riſe gradually till they 


are juſt teen over it; and the arms being red, are often miſtaken 
for a houle at a conſiderable diſtance in thoſe fields. 

I once met with a curious deception in a gentleman's garden 
at Hacincy, occatuned by a large pane of glaſs in the garden- 


wall at ſome diſtance from his houſe. The glaſs (through 


which the ſky was ſeen from low ground) reflected a very 
faint image of the Honie ; but the image ſeemed to be in the 
Clouds near the Horizon, and at that diſtance looked as if it 
were a huge callle in the Air. Yet the Angle, under which 
the image appeared, was equal to that under which the houſe 
was ijcen: but the image being mentally referred to a much 
greater diſtance than the houle, appeared much bigger to the 


imagination. 
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Horizontal Moon explained. : ot 


. The Sun and Moon appear bigger in thePLATE 11. 
. than at any conſiderable height above it. Fig. IX. 
| Theſe Luminaries, although at great diſtances 
from the Earth, appear floating, as it were, on the 
ſurtace of our Atmoſphere HGFfeC, a little way 
beyond the Clouds; of which, thoſe about F, why the 
directly over our heads at E, are nearer us than OS 
thoſe about Hor in the Horizon HEe. There-pear diggen 
fore, when the Sun or Moon appear in the Hori- Hun K 
zon at e, they are not only ſeen in a part of the 
Sky which is really farther from us than if they 
were at any conſiderable Aititude, as about /; but 
they are alſo ſeen through a greater quantity of 
Air and V pours at @ than at }. Here we have 
two concufring appearances which deceive our 
imagination, and cauſe us to refer the Sun and 
Moon to a greater diſtance at their riſing or ſet- 
ting about e, than when they are conſiderably 
high, as at F: firſt, their ſeeming to be on a part 
of the Atmoſphere at e, which is really farther 
than F from a ſpectator at E; and ſecondly, their 
being ſeen through a groſſer medium, when at e, 
than when at f; which, by rendering them dim- 
mer, cauſes.us to imagine them to be at a yet 
greater diſtance. And as, in both caſes, they are 
feen“ much under the ſame Angle, we naturally 
judge them to be biggeſt when they ſeem fartheſt 
from us; like the above-mentioned houſe, § 186, 
ſeen ſrom a higher ground, which ſhewed it to be 
farther off than it appeared from low ground, or 
the hay-rick, which appeared at a e 
by means of an interpoſing Fog. 

188, Any one may fatisty himſelf that the Moon Their ap- 

appears under no greater Angle in the Horizon Parent ge 


meters are 


than on the Meridian, - by taking a large ſheet of 22 
paper, and rolling it up in the form of a Tube, Jian than 


of ſuch a width, that obſerving the Moon through the Hori- 


20n. 


* The Sun and Moon ſubtend a greater Angle on the Meri- 
«an than in the Horizon, being nearer the Ovſerver's Place 
in the tormer caſe than in the latter. 
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Phenomenon by a common Quadrant, nor knw 


be Method of finding the Diſtances 


it when ſhe riſes, ſhe may, as it were, juſt fill the 
Tube; then tie a thread round it to keep it of 
that ſize; and when the Moon comes to the Meri. 
dian, and appears much leſs ta the eye, look at 
her again through the ſame Tube, and ſhe will fill 
it juſt as much, if not more, than ſhe did at her 


riſing. 

189. When the full Moon is in perigee, or at 
her lealt diſtance from the Earth, ſhe is ſeen under 
a larger Angle, and mult therefore appear bigger 
than when the is full at other times; and if thar 


part of the gun phere where ſhe riſes be more 


replete with Vapouis than uſual, ſhe appears fo 
much the dimmer; and therefore we fancy her to 
be ſtill the bigger, by referring her to an unuſuaily 


great dittance, knowing that no objects which 


are very far diſtant can appear big unleſs they be 
really ſo. 


HA I; 
The Method of finding the Diſtances of the Sun, 


Moon, and Planets. 


190. HOSE who have not learnt how to 
take the“ Altitude of any Celelilal 


any 


* The Altitude of any celeſtial Object is an arc of he 
Sky intercepted between the Horizon and the Object. In 
Fig. VI ot late II. let HOX be a horizontal line, ſupp oed 

to be extended from the eye at A to A, where the K, and 
Earth ſeem to meet at the end of a long and level plain; «nd let 
S be the Hun. The re XZ will be the Sun's height Hove 
the Horizon at X, and is found uy the inftri ment EC , which 
is a quadrantal board, or plate of metal. divided into q equal 
paris or degrees on its limb DC, and has a couple or little 
brats plates, as a and 6, with a ſmall hole in each oi them, 
called Y;g47- Holes, for looking through, parallel to the edge of 
the Quadrant which they ſtand on. Io the center Eis fixcd 
one end of a thread J, called the Plumb-L:ne, which has a {mall 
weight or plummet fixed to its other end Now, if an ob- 
lever holds the Quadrant upright, without inclining A 
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Of the Sun, Moon, and Planets. 


any thing of plain Trigonometry, may paſs over F 


the firſt Article of this ſhort Chapter, and take the 
Aſtronomer's word for it, that the diitances of the 
Sun and Planets are as ſtated in the firſt Chapter 
of this Book. But, to everv one who knows how 
to take the Altitude of the Sun, the Moon, or a 
Star, and can ſolve a plain right-angled Triangle, 
the following method of finding the diſtances of 
the Sun aud Moon wil! be eaſily underſtood. 


103 


LXTE 
IV. 5 


Let BAG be one half of the Earth, 40 its Fig. I. 


ſemi-diameter, $ the Sun, the Moon, and EXOC 
a quarter of the Circle delcr:bed by the Moon in 
revolving from the Meridian to the Meridian 
again. Let CRS be the rational Horizon of an 
obſerver at A, extended to the Sun in the Hea- 
vens; and HO his ſenſible Horizon, extended to 
the Noon's Orbit. ALC is the Angle under which 
the Earth's ſemi-diamerer AT 1s Teen from the 
Moon at L, which is equa! to the Angle O AL, 
b-cauſe the right lines 40 and CL, which include 
both theſe Anvles, are parallel. ASC is the Angle 


either ſide, and ſo that the Horizon at X is ſeen through the 


kgiat-holes à and , the piumb-line will cut or hang over the 
beginning of the degrees at o, in the edge EC; but if he ele— 
vites the Quadrant fo as to look through the üght- holes at any 
part of the Hea.ens, ſyppoie the Sun at S, Jult fo many de- 
£72es as he elevates the ught-hole 5 above the horizontal line 
4. AK, fo many degrees will the plamb-line cut in the limb 
C Hof the Quadrant. For, let the ovierver's eye at & bein 
the center of the celethial Arc X Y'/” (and he may be ſaid to be 
in the cemerot the Suu's apparent diurnal Orbit, let him be 
on what part of the arch he wil) in which Arc the Sun is 
a tant time, iuppoſe 23 degrees high, and let the obſerver 
hold the Quadrant to that he may ice the Sun through the 
tight-holes; the plumb:line freely playing on the Quadrant 
wil! cut the 25th degree in the limb C, cqual to che number 
of degrees of the Sun's Altitude at the time of obſervation. 
N. „. Whoever looks at the Sun mult have a imoked gials 
before his eyes to ſave them from hurt. The better way is 
not to look at the Sun through the ſight-holes, but to hold 
the Quadrant facing the eye at a little diſtauce, and to that 
the Sun ſhining through one hole, the ray may be ſcen to fall 
on the other, | 


1 4 | under 


The Method of finding the Diſtances 


under which the Earth's ſemi-diameter AC is ſeen 
trom the Sun at &, and is equal to the Angle O Af, 
becauſe the lines 40 and CR& are parallel. Now 
ic is found by obſervation, that che Angle OAL is 
much greater than the Angle OA; but OA is 
equal to ALC, and O is equal to ASC. Now, 
as ASC is much leſs than ALC, it proves that the 
Karch's ſemi-diameter AC appears much greater as 
ſeen from the Moon at L, than from the Sun at 
; and therefore the Earth is much farther from 
the Sun than from the Moon *. The Quantities 
of theſe Angles may be determ ined by obſervation 
in the following manner : 

Let a oraduate dinſtrument, as DAE, (the larger 
the better) having a moveable Index with Sight- 
holes, be fixed in ſuch a manner, that its plane 
ſurface may be parallel to the plane of the SIT 
and its edge AD in the plane of the Meridian : 
rhat when the Moon is in the Equinoctial, and on 
the Meridian ADE, ſhe may be ſeen through the 
ſight-holes when che edge of the moveable index 


cuts the beginning of the diviſions at o, on the gra- 


duated limb DE; and when ſhe is fo ſeen, let the 
preciſe time be noted. N ow, as the Moon revolves 
about the Earth from the Meridian to the Meridian 
again in about 24 hours 48 minutes, ſhe will go a 
fourth part round it in a fourth part of that time, 
viz. in 6 hours 12 minutes, as ſeen from C, that 
is, from the Earth's center or Pole. But as ſeen 
from A, the obſerver's place on the Earth's ſur- 
tace, the Moon will ſeem to have gone a quarter 
round the Earth when ſhe comes to the ſenſible 


Horizon at O; for the Index through the fights 


of which ſhe is then viewed will be at d, go de- 
grees from D, where it was when ſhe was ſeen at 
E. Now, let the exact moment when the Moon 
is ſeen at O (which will be when ſhe is in or near 


* See the Note on & 185. 


the 
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che ſenſible Horizon) be carefully noted“, that 
it may be known in what time ſhe has gone from 
E to O; which time ſubtracted from 2 hours 12 
minutes (the time of her going from E to L) leaves The woon's 
the time of her going from O to L, and aftords an r 
eaſy method for finding the Ans le OAL (called chat. 

the Moon's Horizontal Parallax, which is _ to 

the Angle ALC) by the following Analogy : 

the time of the Moon s deſcribing the Arc LO gx 

to 9o degrees, ſo is 6 hours 12 minutes to the 
degrees of the Arc Dde, which meaſures the Angle 

EAL ; from which ſubtract go degrees, and there 
remains the Angle OAL, equal to the Angle ALC, 

under which the Earth's ſemi-diamerer AC is ſeen 

from the Moon. Now, fince all the Angles of a 
right-lined Triangle are equal to 180 degrees, or 

to two right Angles, and the ſides of a Triangle 

are always proportional to the Sines of the oppo- 

ſite Angles, ſay, by the Rule of T. bree, as the SINC The Moon's 
of the 12505 AC, at the Moon L, is to its oppo- diſtance de- 
lite tide AC, the Earth's ſordiamecer, which js Ont. 
known to be 3985 miles, fo is Radius, v72. the 

Sine of 90 degrees, or of the right Angle ALC, 

to its oppoſite tide AD, which is the Moon's diſ- 

tance at L from the obſerver's place at A on the 

Earth's ſurface; or, ſo is the Sine of the Angle 

CAL to its oppoſite fide CI, which is the Moon's. 
diſtance from the Earth's center, and comes out 

at a mean rate to be 240, ooo miles. The Angle 

CAL is equal to what OAL wants of go degrees. 

I91. The Sun's diſtance from the Earth might The Sus 
be tound the ſame wav, though with more gif. — 
ficulty, if his horizontal Parallax, or the Angle OAS, yer to er. 
equal to the Angle ASC, were not ſo imall, as ne der- 


to be hardly perceptible, being ſcarce 10 ſeconds the Maon's. 
of a minute, or the 360th part of a degree. Bur | 


* Here proper allorrance muſt be made for the Refraction, 
which being about 34 minutes of a degree in the Horizon, w 111 
cnule the Moon's center to appear 34 minutes above the Hori- 
£92 when her ceiter is really in it. 
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the Moon's h rizontal Parallax, or Angle OA, { 
equal to the Angle ALC, is very diſcernible, be- a 
ing 57 18”, or 3438” at its mean ſtate; which is c 
more than 340 times as great as the Sun's: ard, b 
therefore, the diſtances of the heavenly bodies h 
being inverſely as ihe Tangents of their horizontal IM 
Parallaxes, the Sun's diſtance from the Earih is 1 * 
at leaſt 340 times as great as the Moon's; and is 1 
rather under rated at 81 millions of miles, when N 
the Moon's diſtance is certainly known to be 240 7 
thouſand. But becauſe, according to ſome Aſtro- * 
namers, the Sun's horizontal Parallax is 11 ſe- 1 
conds, and according to others only 10, the former 
Parallax making the Sun's diſtance to be about 
75,00c,000 of miles, and the latter 82,000,000 ; 0 
we may take it for granted, that the Sun's diſtance f 
is not leſs than as deduced from the former, ner I 
more than as ſhewn by the litter: and every one, 19 
who is ccuſtomed to make ſuch obſervations, 1 . 
knows how hard it is, if not impoſſible, to avoid n 
an error of a ſecond: eſpecially on account of the T 
inconſtancy of horizontal Refractions. And here 1 
the error of one ſecond, in fo ſmall an Angle, will y 
wake an error of 7 mil ions of miles in ſo great 1 
2 diſt nce as that of the Sun's. But Dr. HaLLtry 4 
has ſthewn us. how the Sun's diſtance from the k 
Larth, and contequenily the diſtances of all the 3 
Pluneis from the Sun, may be known to within 1. 


a ooh part of the whole, by a Tranſit of Venus 
He near Over the Sun's Dic, which will happen on the 6th 
22 5 of June, in he ycar 1701; till which time we muſt th 
det:rmined content ourſelves with allowing the Sun's diſtance e 
to be about 81 millions of miles, as commonly *. 
ſtated by A ſtronomers. 40 
The Sun 192. The Sun and Moon appear much about 
proc tobe the tame bulk: And every one, who underſtands 
mudibigger + . 
thar the Geometry, knows how their true bulks may be 
Mom. deduced from the apparent, when their real dit- 
tances are known, Spheres are to one another as 
the Cubes of their Diameters; whence, if the on 
- : 


meabtures as the Earth's diſtance was taken; ſee , 
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be 81 millions of miles from the Earth, to appear 
as big as the Moon, whole diſtance does not ex- 
cced 240 thouſand miles, he muſt, in ſolid bulk, 
be 42 millions 875 thouſand times as big as the 
Moon. . 6 

193. The horizontal Parallaxes are beſt obſerved 
at the Equator; 1. Becauſe the heat is ſo nearly 
equa! every day, that the Refractions are almoſt 
conſtantle the ſame. 2. Becauſe the parallactic 
Angle is greater there, as at A (the diſtance from 
thence to the Earth's Axis being greater), than up- 
on any parallel of Latitude, as @ or 6. 


194. The Earth's diſtance from the Sun being Thereative 
determined, the diſtances of all the other Planets e 
from aim are eafily found by the following ana from the 
logv, their periods round him being aſcertained by 2m ne 
obſe va ion As the ſquare of the Earth's N great preci= 
round the Sun is to the cube of its diſtance from are 
the Sun, fo is the ſquare of the period of any other dittancecare 
Planet to the cube of irs diitance, ſuch parts or 3 


d 117, This proportion gives the relative mean 
des of the I'lanets from the Sun to the great- 
e gꝗrce of exactnęſs; and they are as follows, 
n been deduced from their periodical times, 
ac” ding to the law juſt mentioned, which was 


di: overed by KePLER, and demonſtrated by Sir 


ISAAC NEWION . 


* All the following calculations on the next page, except 
thaſe in the two lift lines bef re & 195, were printed in tormer 
ev tons of this work, before tne year 1761. Since that time, 
tus bud two lines {is found by the Tranlit A. D. 1761) were 
add; and allo 5 195, | 


Periodical 
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Periodical Revolutions to the ſame fixed Star in days and decimal! 
parts of a day. 
Mercury | Venus The Earth Mars Jupiter Saturn Georgian 
i 87.9692 | 224-6176 | 365.2564] 686.9785 | 4332-514 | 1079-275 3046: 
| Relative» mean diftances from the Sun. 

38710 72333 100000 | 252369 520096 | 954006 | 1908; 
From theſe numbirs wwe deduce, that if the Sun's horizonta! Paraliaxz be 10, the red 

mean d://ances of the Planets from the Sun in Engliſb Miles are 
21,742, 0 | 59,313,060 | 82,090,000 | 124,942,680 | 426,458,720 | 792,234,920 | 1, 56 5,03 5. 
gut if 1he Suns Paraliax be 11“, their aſtancts art no more than 
29 832,520 | 54,233,570 | 75,000,000 | 114,276,759 | 390,034,500 | 715,504, 500 | 1,431,435: 
Errors in d:ft ance ariftig ſrom the miſtake of 1” in the Sun's Parallax. 
2,703,700 | 5,074,450 | 7,c00,0-0 10,665,830 | 36,444,220 | 66,780,420 | 133,605 
But, jrom Ihe tate Tranſit of Venus, A. D. i701, the \un's Parailax appears to be 

only 8 ; and accoi ding to that, their real diſtances in miles are 

36,341,468 | 68,391,436 | 95,173,127 | 145,914,148 | 494,990,976 | 997,956,130 | 1,816,455; 
nd their dianieters, in miles, are 
300 9360 7970 | 5150 | 944100 | 77990 | 355 


195. Theſe numbers ſhew, that although we 
have the relative diftances of the Planets from the 
Sun to the greateſt nicety, yet the beſt obſervers 
could not aſcertain their true diſtances until the 
late long-wiſhed-for Tranſit appeared, in 1761, 
which we muſt confeſs was embarraſſed with ſeveral 
difficulties. But another Tranſit of Venus over the 
Sun has now been obſerved, on the third of Zune, 
1769, much better ſuited to the reſolution of this 
great Problem than that in 1761 was; and the re- 
ſult of the obſervations does not differ materially 
from the reſult of thoſe in 1761. Another tranſit 
will not happen till the year 1874. SP 

196. The Earth's Axis produced to the Stars, 
being carried parallel * to itſelf during the Earth's 
annual revolution, deſcribes a circle in the Sphere 
of the fixed Stars equal to the Orbit of the Earth. 
Why the Burt this Orbit, though very large, would ſeem no 
Polls (ezm bigger than a point if it were viewed from the 
to keep till Stars; and conſequently the circle deſcribed in 


in the tame 


Yoints of the 3 : ? 
GERT | * By this is meant, that if a line be ſuppoſed to be drawn 


notwith- parallel to the Earth's Axis in any part of its Orbit, the Axis 
{tanding the keeps parallel to that line in every other part of its Orbit : as 
e in Fig. l. of Plate V. where abcaetgh repreſents the Earth's 
tue San. Orbit in an oblique view, and Ns the Earth's Axis keeping 
always parallel to the line M. 


the 
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| the Sphere of the Stars by the Axis of the Earth, 
| produced, if viewed from the Earth, muſt appear 
but as a point; that is, its diameter appears too 
little to be meaſured by ' obſervation: for Dr. 
BRADLEY has affured us, that if it had amounted 
to a ſingle ſecond, or two at moſt, - he ſhould have 
perceived it in the great number of obſervations he 
has made, eſpecially upon / Draconis; and that it 
ſeemed to him very probable that the annual Pa- 
rallax of this Star is not ſo great as a ſingle ſecond 
and, conſequently, that it is above 400 thouſand 
times farther from us than the Sun. Hence the 
celeſtial poles ſeem to continue in the ſame points 


of the Heaven throughout the year; which by 


no means diſproves the Earth's annual motion, but 
plainly proves the diſtance of the Stars to be ex- 
eeeding great. 
197. The ſmall apparent motion of the Stars, 
113, diſcovered by that great Aſtronomer, he 
tound to be no ways owing to their annual Parallax 
(for it came out contrary thereto), bur to the Aber- 
ration of their light, which can reſult from no 
known cauſe beſides that of the Earth's annual 


proves, beyond diſpute, that the Earth has fuch a 
motion: for this Aberration completes all its va- 


elocity of ſtar- light is ſuch as carries it through a 
pace equal to the Sun's diſtance from us in 8 mi— 
utes 13 ſeconds of time. Hence the velocity of 
Light is * 10 thouſand 210 times as great as the 
arth's velocity in its Orbit; which velocity (from 
chat we know already of the Earth's diſtance from 
ie Sun) may be aſſerted to be at leaſt between 57 
ad 58 thouſand miles every hour: and ſuppoſing 
| tO be 58000, this number multiplied by 
9210, gives 592 million 180 thouſand miles for 
© hourly motion of Light: which laſt number 
med by 3600, the number of ſeconds in an 

* SuiTH's Optics, F 1197. 


hour, 


motion; and as it agrees ſo exactly therewith, it 
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1100s Phenomena every year; and proves that the The ar- 
ing velocity 
. of light. 
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PLATE hour, ſhews that Light flies at the rate of more 


IV. 


Circles of 
the Sphere. 


Fig. II. 


Equator, 
Tropics, 
Polar Cir— 
cles, und 
Poies. 


Fig. II. 


Farth's 
Axl. 


than 164 thouſand miles every ſecond of time, or 
ſwing ot a common clock pendulum. 


CHAT... X. 


The Circles of the Globe deſcribed. The different 
lengths of duys and nights, and the viciſſitudes i 
ſeaſons, explained The explanation of the Pheng 
mena of Saturn's Ring concluded. (See & 81 and 82 


198.F F the reader he hitherto unacquainted with 
the principal circles of the Globe, he ſhould 
now learn to know them; which he may do ſufi- 
ciently for his preſent purpoſe in a quarter of an 
hour, if he ſets the ball of a terreftrial Globe be. 
fore him, or looks at the Figure of it, wherein 
theſe circles are drawn and named. The Equator is 
that great circle which divides the northern halt of 
the Earth from the ſouthern. The Tropics are leſſer 
circles parallel to the Equator, and each of then 
is 234 degrees from it; a degree in this ſenſe being 
the 36oth part of any great circle which divides 
the Earth into two equal parts. The Tropic © 
Cancer lies on the north fide of the Equator, an 
the Tropic of Capricorn on the ſouth. The Arc 
Circle has the North Pole for its center, and is jul 
as far from the North Pole as the Tropics are tro 
the Equator : and the Antarctic Circle (hid by ti 
ſuppoſed convexity of the figure) is jult as far fro 
the South Pole every way round it. Theſe Pi 
are the very north and ſouth points of the Globe 
and all other places are denominated zorthward 
ſouthward, according to the fide of the Equi 
they lie on, and the Pole to which they are neaic* 
The Earth's Axis is a ſtraight line paſſing thro 
the center of the Earth, perpendicular to tt 
Equator, and terminating in tae Poles at 1ts ſu 
face. This, in the real Earth and Planets, is ol 
an imaginary line; but in artificial Globes or F 


nets it is a wire by which they are ſupported, # 
turne 
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turned round in Orreries, or ſuch like machines, PLATE. 

by wheel work. The circles 12. 1. 2. 3. 4. Cc. 

are Meridians to all places they pals through; and Meridians, 

we muſt ſuppoſe thouſands more to be drawn, be- 

cauſe every place, that is ever ſo little to the eaſt or 

welt of any other place, has a different meridian 
from that other place. All the Mcridians meet in 
che Poles; and whenever the Sun's center is palling 
cover any Meridian in his apparent motion round 
che Earth, it is mid-day or noon to all places on 
that Meridian. 
5 199. The broad Space y ing between the Tro— 
pics, like a girdie ſurrounding the Globe, is called 
the torrid Zone, of which the Equaror i is ip the mid- Zones. 
dle all around. Ihe Space between the Tropic of 
Cancer and Arctic Circle is ca led the North tem- 
berate Zone. That between the Tropic of Capri- 
corn and the Antarctic Circle, the S/ temperate 
Zone. And the two circular Spaces bounded by the 
Polar Circles are the two frigid Zones; denomi— 
nated not or ſouth, from that Pole which is ia the 
center of the one or the other of them. | 


200. Having acquired this eaſy branch of know- 
ledge, the learner may proceed ro make the fol- 
low'ng experiment with his terreſtrial ball; which 
will give him a plain idea of the diurn and an- 
nual motions of the Earth, together with the dif- 
terent lengths of days and nights, and all the beau- 
tiful variety of fealons, depending on thoſe mo- 
tions. 

Take about ſeven feet of ſtrong wire, and bend 
it into a circular form, as abcd, which being viewed Fig. IT. 
obliquely, appears elliptical as in the Figure. 3 
Pa e a lighted candle on a table, and haviny fixcd ſhewing the 
one end of a ſilk thread K, to the north pole of AY an a 
{mail terreſtrial Globe , about three inches dia days and 
meter, cauſe another perſon to hold the wire 3 
circle, fo that it may be parallel to the table, and of ſeaſous. 


Y 23 hign as the flame of the candle J, which thould 
I DE 
Urne 


n 
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be in or near the center. 'Then, having twiſted 
the thread as toward the left hand, that by un- 
twiſting it may turn the Globe round eaſtward, or 


contrary to the way that the hands of a watch 


move, hang the Globe by the thread within this 
circie, almoſt contiguous to it; and as the thread 
untwiſts, the Globe (which is enlightened half 
round by the candle as the Earth is by the Sun) 
will turn round its Axis, and the different places 
upon it will be carried through the light and dark 
Hemiſpheres, and have the appearance of a regular 
ſucceſſion of days and nights, as our Earth has in 
reality by ſuch a motion. As the Globe turns, 
move your hand ſlowly, ſo as to carty the Globe 
round the candle according to the order of the 
letters avcd, keeping its center even with the wire 
circle; and you will perceive, that the candle, 
being ſtill perpendicular to the Equator, will en- 
lighten the Globe from pole to pole in its whole 
motion round the circle; and that every place on 
the Globe goes equally through the light and the 
dark, as it turns round by the untwiſting of the 
thread, and therefore has a perpetual Equinox. 
The Globe thns turning round repreſents the 
Earth turning round its Axis; and the motion of 
the Globe round the candle repreſents the Earth's 
annual motion round the Sun, and ſhews, that if 
the Earth's Orbit had no inclination to its Axis, all 
the days and nights of the year would be equally 
long, and there would be no different ſeaſons, 
But now, defire the perſon who holds the wire to 
hold it obliquely in the poſition ABCD, raiſing 
the ſide £5 juſt as much as he depreſſes the fide 
V3, that the flame may be ſtill in the plane of the 
circle; and twiſting the thread as before, that the 
Globe may turn round its Axis the ſame way as 
you carry it round the candle, that is, from well 
to caſt, let the Globe down into the lowermol? 
part of the wire circle at V, and if the circle b2 
properly inclined, the candle will ſhine e 

cular! 
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eulatly on the Tropic of Cancer, and the frigid summer 
Zone, lying within the arctic or north polar Circle, Solitice. 


will be all in the light, as in the Figure; and will 
keep in the light let the Globe turn round its Axis 
ever ſo often. From the Equator to the north 
polar Circle all the places have longer days and 
ſhorter nights; but from the Equator to the ſouth 
polar circle juſt the reverſe. The Sun does not 
ſet to any part of the north frigid Zone, as ſhewn 
by the candle's ſhining on it, ſo that the motion of 
the Globe can carry no place of that Zone into the 
dark: and at the fame time the ſouth frigid Zone is 
involved in darkneſs, and the turning of the Globe 
brings none of its places into the light. If the 
Farth were to continue in the like part of its 
Orbit, the Sun would never ſet to the inhabitants 
of the north frigid Zone, nor riſe to thoſe of the 
ſouth. At the equator it would be always equal 
day and night; and as places are gradually more 
2nd more diſtant from the Equator, toward the 
arctic Circle, they would have longer days and 
horter nights; while thoſe on the ſouth ſide of 
the Equator would have their nights longer than 
their days. In this caſe there would be continual 
ſummer on the north fide of the Equator, and con- 
tinual winter on the ſouth fide of it. 

But as the Globe turns round its Axis, move 
your hand flowly forward, ſo as to carry the Globe 
from H toward E, and the boundary of light and 
darkneſs will approach toward the north Pole, 
and recede from the ſouth Pole; the northern 
places will go through leſs and leſs of the light, 
and the ſouthern places through more and more 
of it; ſhewing how the northern days decreaſe in 
length, and the ſouthern days increaſe, while the 
Globe proceeds from H to E. When the Globe 
is at E, it is at a mean ſtate between the. loweſt 


and higheſt parts of its Orbit; the candle 1s di- 2 
rectly over the Equator, the boundary of light 1 mans 


and darkneſs juſt reaches to both the Poles, and 
I | all 


Winter 
Sol ſtice. 


Verpal 
Equinox. 
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all places on the Globe go equally through the 
light and dark Hemiſpheres, ſhewing that the 
days and nights are then equal at all places of the 
Earth, the Poles only excepted ; for the Sun i; 
then ſetting to the north Pole, and riſing to the 
ſouth Pole. | 

Continue moving the Globe forward, and as it 
goes through the quarter A, the north Pole recede; 
{till farther into the dark Hemiſphere, and the 
ſouth Pole advances more into the light, as the 
Globe comes nearer to S: and when it come 
there at J, the candle is directly ober the Tropic 
of Capricorn, the days are at the ſhorteſt, and 
nights at the longeſt, in the northern Hemiſphere, 
all the way from tHe Equator to the arctic Circle; 
and the reverſe in the ſouthern Hemiſphere from 
the Equator to the antarctic Circle; within which 
Circles it is dark to the north frigid Zone, and 
light to the ſouth. 75 

Continue both motions, and as the Globe moves 
through the quarter B, the north Pole advances 
toward the light, and the ſouth Pole toward 
the dark; the days lengthen in the northern He- 
miſphere, and ſhorten in the ſouthern; and when 
the Globe comes to G, the candle will be again 
over the Equator (as when the Globe was at 
E), and the days and nights will again be equal 
as formerly; and the north Pole will be juſt 
coming into the light, the ſouth Pole going out of 
It. . 


Thus we ſee the reaſon why the days lengthen 
and ſhorten from the Equator to the polar Circles 


every year; why there is ſometimes no day or night 


for many turnings of the Earth, within the polar 
Circles; why there is but one day and one night 
in the whole year at the Poles; and why the days 
and nights are equally long all the year round at 
the Equator, which is always equally cut by the 
circle bounding light and darkneſs. 

| 201, The 
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201. The inclination of an Axis or Orbit is Remark. 


merely relative, becauſe we compare it with ſome 
other Axis or Orbit which we conſider as not in- 
clined at all. Thus, our Horizon being level to 
us, whatever place of the Earth we are upon, we 
conſider it as having no inclination; and yet, if 


we travel go degrees from that place, we ſhall then pig. ar. 


have a Horizon perpendicular to the former; but 
it will {till be level to us. And if this book be 
held ſo that the“ Circle ABCD be parallel to the 
Horizon, both the Circle abcd, and the Thread 
or Axis K, will be inclined to it. But if the Book 
or Plate be held ſo that the Thread be perpendicu- 
lar to the Horizon, then the Orbit ABCD will be 
inclined to the Thread, and the Orbit abcd per- 
pendicular to it, and parallel to the Horizon. We 
generally conſider the Earth's annual Opbit as hav- 
ing no inclination, and the Orbits of all the other 
Planets as inclined to it, § 20. | 


202. Let us now take a view of the Earth in 
Its annual courſe round the Sun, conſidering its 
Orbit as having no inclination, and its Axis as 
inclining 234 degrees from a line perpendicular to 
the plane of its Orbit, and keeping the ſame ob- 
lique direction in all parts of its annual courſe ; or, 


as commonly termed, keeping always parallel to 


Itſelf, § 196. 


Let a,b,c,d,e, f,g,h be the Earth in eight different PLATE v. 
parts of its Orbit, equidiſtant from one another; Fig. J. 


Ns its Axis, N its north Pole, s its ſouth Pole, 
and $ the Sun nearly in the center of the Earth's 
Orbit, $ 18. As the earth goes round the Sun 


*All Circles appear elliptical in an oblique view, as is evi- 
dent by looking obliquely at the rim of a baſon. For the true 
Lgure of a Circle can only be ſeen when the eye is directly over 
its center. The more obliquely it is viewed, the more elliptical 


it appears, until the eye be in the ſame plane with it, and 


then it appears like a ſtraight line, 
12 according 


— - ' — 1 
n 5 _ o 5 — — 
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PLATE v. according to the order of the letters ab cd, &c. it: 

Axis Ns keeps the ſame obliquity, and is ſtill 

rigs parallel to the line M Ns, When the Farth is at 

ſeaſons. a, its north pole inclines toward the Sun S, and 

brings all the riorthern places more into the light 

than at any other time of the year. But when the 

Earth is at e 1n the oppoſite time of the year, the 

north Pole declines from the Sun, which occaſions 

the northern places to be more in the dark than in 

the light; and the reverſe at the ſouthern places, 

as is evident by the Figure, which I have taken 

from Dr. Lox6's Aſtronomy. When the Earth 

is either at c or g, its Axis inclines not either to 

or from the Sun, but lies ſidewiſe to him; and 

then the Poles are in the boundary of light and 

darkneſs; and the Sun, being directly over the 

Equator wakes equal dey and night at all places. 

When the Earth is at , it is half-way between 

the Summer Solſtice and Harveſt Equinox ; when 

it is at 4, it is half-way from the Harveſt Equinor 

to the Winter Solſtice; at /, half-way from the 

Winter Solſtice to the Spring Equinox: and at /, 

half-way from the Spring Equinox to the Summer 
Solſtice, 

Fig. II. 203. From this oblique view of the Earth's 
Orbit. let us ſuppoſe ourſelves to be raiſed far above 
it, and placed juſt over its center S, looking down 
upon it from its north Pole; and as the Xtarih's 
Orbit differs but very little from a Circle, we hall 
have its figure 10 ſuch a view repreſented by the 
Circle ABCDEFGH. Let us ſuppoſe this Circl: 
to be divided into 12 equal parts, called Sint, 
having their names affixed to them; and each 
Sign into 3o equal parts, called Degrees, numbered 

The ſcſons 10, 20, 30, as in the outermoſt Circle of the 


mern a Pigure, which repreſents the great Ecliptic in the 


auotitet 


rler of e Heavens. The Earth is ſhewn in eight different 
N . in this ie and in each poſition is 
the Equator, 7 the Tropic of Cancer, the dotte 
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Circle the parallel of London, U the arctic or north 


polar Circle, and P the north Pole, where all the 


Meridians or Hour-Circles meet, 8 198. As the 
Earth goes round the Sun, the north Pole keeps 
conſtantly toward one part of the Heavens, as it 
does in the figure toward the right-hand ſide of 
the Plate. 55 

When the Earth is at the beginning of Libra, 
namely, on the 2oth of March, in this Figure (ag 
at g in Fig. I.) the Sun 8, as ſeen from the Earth, 
appears at the beginning of Aries, in the oppoſite 
part of the Heavens“, the north Pole is juſt 


coming into the light, and the Sun is vertical toVernat 
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the Equatorz which, together with the Tropic of 


Cancer, parallel of London, and arctic Circle, are 
all equally cut by the Circle bounding light and 
darkneſs, coinciding with the fix-o'clock Hour- 
Circle, and therefore the days and nights are 
equally long at all places: for every part of the 
Meridians ATLa comes into the light at fix in the 


morning, and revalving with the Earth according 


to the order of the hour-letters, goes into the dark 
at ſix in the evening. There are 24 Meridians or 
Hour-Circles drawn on the Earth in this Figure, to 
ſhew the Time of Sun-riſing and ſetting at different 
Seaſons of the year. 

As the Earth moves in the Ecliprtic according to 
the order of the letters AB CD, &c. through 
the Signs Libra, Scorpio, and Sagittarius, the 
north Pole P comes more and more into the light ; 
tne days increaſe as the nights decreaſe in length, 
at all places north of the Equator ; which is 
plain by viewing the Earth ar 6 on the 5th of May, 
when it is in the 15th degree of Scorpio +, and 


lere we muſt ſuppoſe the Sun to be no bigger than an or- 
qinary point (as.) becauſe he only covers a Circle half a degres 
11 diameter in the Heavens; whereas in the figure he hides a 
„hole ſign at once from the Earth. 


Here we muſt ſuppoſe the Earth to be a much ſmaller point | 


ian that in the preceding note marked for the Sun, 


3-42 the 
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PLATE V. the Sun, as ſeen from the Earth, appears in the 1 th 


Fig. II. 


3 


Summer 
Solſtice. 


Autumnal 


Equinox. 


degree of Taurus. For then, the Tropic of Cancer 
T is in the light from a little after five in the morn- 
ing till almoſt ſeven in the evenipg; the parallel 
of London from half a hour paſt four till half a 
hour paſt ſeven ; the polar Circle U from three till 
nine; and a large track round the north Pole P 
has day all the 24 hours, for many rotations of the 
Earth on its Axis, | 
When the Earth comes to c, at the beginning 
of Capricorn, and the Sun, as ſeen from the Earth, 
appears at the beginning of Cancer, on the 21ſt 
of June, as in this Figure, it is in the pofition @ 
in Fig. I; and its north Pole inclines toward the 
Sun, ſo as to bring all the north frigid Zone into 
the light, and the northern parallels of Latitude 
more into the light than the dark from the Equa- 
tor to the polar Circle; and the more ſo as they 
are farther from the Equator. The Tropic of 
Cancer is in the light from five in the morning 
till ſeven at night ; the parallel of Londen from a 
quarter before four till a quarter after eight; and 
the polar Circle juſt touches the dark, ſo that the 
Sun has only the lower half of his Diſc hid from 


the inhabitants on that Circle for a few minutes 


about midnight, ſuppoſing no inequalities in the 
Horizon, and no refractions. 

A bare view of the Figure is enough to ſhew, 
that as the Earth advances from Capricorn toward 
Aries, and the Sun appears to move from Cancer 
toward Libra, the north Pole advances toward the 


dark, which cauſes the days to decreaſe, and the] 


nights to increaſe in length, till the Earth comes 


to the beginning of Aries, and then they are equal 


as before ; for the boundary of light and darkneſs 


cuts the Equator and all its parallels equally, or 


in halves. The north Pole then goes into the 
dark, and continues in it until the Earth goes 
half way round its Orbit; or, from the 23d of 
Septembcr till the 20th of March. In the middle 

between 


enli; 
Clint 
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between theſe times, viz. on the 22K of December, 
the north Pole is as far as it can be in the Uark, 


which is 234 degrees, equal to the inclination of Winter Sel- 


the Earth's Axis from a perpendicular to its © 
Orbit: and then the northern parallels are as 
much in the dark as they were in the light on the 
21ſt of June; the winter nights being as long as 
the ſummer days, and the winter days as ſhort as 
the ſummer nights. It is needleſs to enlarge far- 
ther on this ſubjeR, as we ſhall have occaſion to 
mention the ſeaſons again in deſcribing the Orrery, 
9397. Only this muſt be noted, that whatever has 
been ſaid of the northern Hemiſphere, the con- 
trary muſt be underſtood of the ſouthern; for on 
different ſides of the Equator the ſeaſons are con- 
trary, becauſe, when the northern Hemiſphere 
inclines toward the Sun, the ſouthern: declines 
from him. 


204. As Saturn goes round the Sun, his ob- The Phe. 


liquely poſited ring, like our Earth's Axis, keeps 


parallel to itſelf, and is therefore turned edgewiſe Ring. 


to the Sun twice in a Saturnian year, which is al- 
moſt as long as 30 of our years, $ 81. But the 
ring, though conſiderably broad, is too thin to be 
ſeen by us when it is turned edgewiſe to the 
Sun, at which time it is alſo edgewiſe to the 
Earth ; and therefore it diſappears once in every 
| fifteen years to us. As the Sun ſhines half a year 
together on the north Pole of our Earth, then diſ- 
appears to it, and ſhines as long on the ſouth 
Pole; ſo, during one half of Saturn's year, the 
Sun ſhines on the north fide of his ring, then diſ- 
| appears to it, and ſhines as long on its ſouth 
fide. When the Earth's Axis inclines neither to 
nor from the Sun, but ſidewiſe to him, he in- 
itantly ceaſes to ſhine on one Pole, and begins to 
enlighten the other; and when Saturn's ring in- 
clines neither to nor From the. Sun, but ſidewite 

14 | 0 
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PLATE v. to him, he ceaſes to ſhine on the one {ide of i it, and 


— 0" CO I 


begins to ſhine upon the other. 

Let Sbe the Sun, ABCDEFGH Saturn's s Orbit, 
and /AELMNO the Earth's Orbit. Both Saturn 
and the Earth move accordingly to the order of the 
letters, and wheh Saturn is at A his ring is turned 
edoewiſe to the Sun &, and he is then ſeen from 
the Earth as if he had loſt his ring, let the Earth 
be in any part of its Orbit whatever, except be- 
tween Nand O; for while it deſcribes that ſpace, 
Saturn is apparently ſo near the Sun as to be hid 
in his beams. As Saturn goes from A to C, his 

ring appears more and more open to the Earth : 
at C the ring appears moſt open of all; and ſeems 
to grow narrower and narrower as Saturn goes 
from Cao E; and when he comes to E, the ring 
is again turned edgewiſe both to the Sun and 
Earth; and as neither of its ſides are illuminated, 
It is invilible to us, becauſe its edge is too thin 
to be perceptible; ; and Saturn appears again as it 
he had loft his ring. But as he goes from £ to 
G, his ring opens more and more to our view on 
the under fide z and ſeems juſt as open at G as it 
was at C; and may be ſeen in the night-time from 
che Earth in any part of its Orbit, except about 
M, when the Sun hides the Planet from our View. 
As Saturn goes from G to A, his ring turns more 
and more edgewiſe to us, and therefore it ſeems 
to grow narrower and narrower ;z and at A it diſ- 
appears as before. Hence, while Saturn goes from 
A to E, the Sun ſhines on the upper fide of bis 
ring, and the under fide is dark; and while he 
goes from E to 4, the Sun ſhines on the under 
ſide of his ring, and the upper fide is dark. 

It may perhaps be imagined that this Article 
might have been placed more properly after § 91, 
than here; but when the candid reader conſiders 
that all the various Phenomena of Saturn's Ring 
depend upon a cauſe ſimilar to that of our Earth's 

| lea! ons, 
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ſeaſons, he will readily allow that they are beſt ex- PLATE 
plained together; and that the two Figures ſerve 
to illuſtrate each other. 

205. The Earth's Orbit being elliptical, and the The Earth 
Sun keeping conſtantly in its lower Focus, which Suain nl] 
18 1,37 7,000 miles from the middle point of then. chan in 
longer Axis, the Earth comes twice ſo much, or 

2,754,000 miles nearer the Sun at one time of the 


year than at another: for the Sun appearing under 


a larger Angle in our winter than ſummer, proves | 


that the Earth is nearer the Sun in winter (e the Note 
on Article 185). But here this natural queſtion will 
ariſe, why have we not the hotteſt weather when 
the Earth is neareſt the Sun? In anſwer it muſt be 
obſerved, that the excentricity of the Earth's Or-Why the 


weather 15 


bit, or 1,377,000 miles, bears no greater Pro-coldeſt 
portion to the Earth's mean diſtance from the Sun, pn = 
than 17 does to 1000; and therefore this ſmall dif-neareſt the 
ference of diſtance cannot occaſion any great dif-. 
ference of heat or cold. But the principal cauſe of 
this difference is, that in winter the Sun's rays fall 
ſo obliquely upon us, that any given number of them 
is ſpread over a much greater portion of the Earth's 
ſurface where we live, and therefore each poinr 
muſt then have fewer rays than in ſummer. More- 
over, there comes a greater degree of cold in the 
long winter nights, than there can return of heat 
in 10 ſhort days; and on both theſe accounts the 
cold muſt increaſe. But in ſummer the ſun's rays 
fall more perpendicularly upon us, and therefore 
come with greater force, and in greater numbers on 
the ſame place; and by their long continuance, a 
much greater degree of heat is imparted by day than 
can fly off by night. 

206. That a greater number of rays fall on the 
: ng place, when they come perpendicularly, than 

-n they come obliquely on it, will appear b 
” i Figure For, let A B be a certain number of Fig. II. 
the „ s rays falling on C D (which ler us ſup- 
to be London) on the 21ſt of June : but, on 
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the 22d of December, the line CD, or London, has 
the oblique poſition Cd to the ſame rays; and 
- therefore ſcarce a third part of them falls upon it, 
or only thoſe between A and e; all the reſt e B be- 
ing expended on the ſpace d P, which is more than 
double the length of CD or Cd. Beſides, thoſe 
parts which are once heated, retain the heat for 
ſome time; which, with the additional heat daily 
imparted, makes it continue to increaſe, though 
the Sun declines toward the ſouth: and this is the 
reaſon why July is hotter than June, although the 
Sun has withdrawn from the Summer Tropic ; as 
we find it is generally hotter at three in the after- 
noon, when the Sun has gone toward the wet, 
than at noon when he is on the Meridian. Like. 
wiſe, thoſe places which are well cooled require 
time to be heated again: for the Sun's rays do not 
heat even the ſurface of any body till they have been 
ſome time upon it. And therefore we find January 
for the moſt part colder than December, although 
the Sun has withdrawn from the winter Tropic, 
and begins to dart his beams more perpendicularly 
upon us, when we have the poſition CF. An iron 
bar is not heated immediately upon being put into 
the fire, nor grows cold till ſome time after it has 


been taken out. 


. 


The Method of finding the Longitude by the Eclipſes of 
Jupiter's Satellites: The amazing Velocity of Light 
demon/trated by theſe Eclipſes. 


Firſt Meri- 207, F Eographers arbitrarily chooſe to call the 
one J Meridian of ſome remarkable place he 
ef places, firſt Meridian. There they begin their reckoning; 
whit. and juſt-ſo many degrees and minutes as any other 
place is to the eaſtward or weſtward of that Meri- 
dian, ſo much eaſt or weſt Longitude they ſay 1 
has. A degree is the 360th part of a Circle, bei 


| great 


The Method of finding the Longitude. 123 


great or ſmall ; and a minute the Goth part of a plArE v. 
degree. The Engliſh Geographers reckon the 
Longitude from the Meridian of the Royal Obſer- 
vatory at Greenwich, and the French from the Me- 
ridian of Paris. : 
208. If we imagine twelve great Circles, one Fr. il. 
of which is the Meridian of any given place, to 
interſe& each other in the two Poles of the Earth, 
and to cut the Equator & at every 15th degree, 
they will be divided by the Poles into 24 Semi- cir- 
cles, which divide the Equator into 24 equal parts ; 
and as the Earth turns on its Axis, the planes of 
theſe Semi-circles come ſucceſſively one after ano- 
ther every hour to the Sun. As in a hour of Hour Cir« 
time there is a revolution of fifteen degrees of the“ 
Equator, in a minute of time there will be a _revo- 
Jution of 15 minutes of the Equator, and in a 
ſecond of time a revolution of 15 ſeconds. There A tour of 
are two tables annexcd to this Chapter, for re- {me e 
ducing mean ſolar time into degrees and minutes grees of 
of the terreſtrial Equator ; and alſo for converting t 
degrees and parts of the Equator into mean ſolar 
time. 
209. Becauſe the Sun enlightens only one half 
of the Earth at once, as it turns round its Axis, 
he riſes to ſome places at the ſame moment of ab- 
ſolute Time that he ſets at to others; and when it is 
mid-day to ſome places, it is mid- night to others. 
The XII on the middle of the Earth's enlightened 
fide, next the Sun, ſtands for mid-day; and the 
oppoſite XII, on the middle of the dark fide, for 
mid-night. If we ſuppole this Circle of hours to 
be fixed in the plane of the Equinoctial, and the 
Earth to turn round within it, any particular Me- 
ridian will come to the different hours ſo, as to ſhew 
the true time of the day or night at all places on 
that Meridian. Therefore, 
210. To every place 15 degrees caſtward from 
any given Meridian, it is noon a hour ſooner than 
on that Meridian; becauſe their Meridian comes 
| | to 
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to the Sun a hour ſooner: and to all places 15 
degrees weſtward, it is noon a hour later, & 208, 
becauſe their Meridian comes a hour later to the 


124 


Sun; and ſo on: every 15 degrees of motion cauſ- 

And confe- ing a hour's difference of. time. Therefore they 

2 who have noon à hour later than we, have their 

of Longi- Meridian, that is, their Longitude, 15 degrees 

tude, weſtward from us; and they who have noon a 

hour ſooner than we, have their Meridian 15 de- 

grees eaſtward from ours: and ſo for every hour's 

Lonaredip-difference of time 15 degrees difference of Longi- 

ee tude. Conſequentiy, if the beginning or ending 

Longitude. of a Lunar Eclipſe be obſerved, ſuppoſe at London, 

to be exactly at mid-night, and in ſome other place 

at 11 at night, that place is 15 degrees weſtward 

from the Meridian of London: if the ſame Eclipſe 

be obſerved at one in the morning at another place, 

that place is 1 5 degrees eaſtward from the {ſaid 
Meridian. 

211. But as it is not eaſy to determine the exact 

moment either of the beginning or ending of a 

Lunar Eclipſe, becauſe the Earth's ſhadow through 

which the Moon paſſes is faint and ill-defined 

Eclipſes of about the edges, we have recourſe to the Eclipſes 

Jabel. of Jupiter's Satellites, which diſappear much more 

much beter quickly as they enter into Jupiter's ſhadow, and 

purpoſe. emerge more ſuddenly out of it. The firſt or pear- 

eſt Satellite to Jupiter is the moſt advantageous for 

this purpoſe, becauſe its motion is quicker than 

the motion of any of the reſt, and therefore its im- 


merſions and emerſions are more frequent and more 


ſudden than thoſe of the others are. 

212. The Engliſh Aſtronomers have 3 
Tables for ſhewing the times of the Eclipſes ot 
Jupiter's Satellites to great preciſion, for the Me- 


ridian of Greenwich, Now, let an obſerver, who 


has theſe Tables, with a good Teleſcope and a well- 

regulated Clock, at any other place of the Earth, 

obſerve the beginning or ending of an Eclipſe 0: 
Oe 
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one of Jupiter's Satellites, and note the preciſe mo-PLATE v. 
ment of time that he ſaw the Satellite either im- 0% 2. 
merge into, or emerge out of the ſhadow, and important 
-ompare that time with the time ſhewn by the“ ole. 
Tables for Greenwich; then, 15 degrees difference 

of Longitude being allowed for every hour's dif- 
erence of time, will give the Longitude of that 

place from Greenwich, as above, F 210; and if 

here be any odd minutes of time, for every mi- 

jute a quarter of a degree, eaſt or weſt, muſt be 
illowed, as the time of obſervation is later or ear- 

ier than the time ſhewn by the Tables. Such 
Eelipſes are very convenient for this purpoſe at 

and, becauſe they happen almoſt every day; but 

re of no uſe at ſea, becauſe the rolling of the ſhip 
hinders all nice teleſcopical obſervations. 

213. To explain this by a Figure, let 7 be rig. fl. 
ſupiter, K, L, M, N, his four Satellites in their 
eſpective Orbits 1, 2, 3, 4; and let the Earth be 
t /, ſuppoſe in November, although that month 
s no otherwiſe material than to find the Earth | 
eadily in this ſcheme, where it is ſhewn in eight 
lifferent parts of its Orbit. Let © be a place 
'n the Meridian of Greenwich, and R a place on llluftrated 
ome other Meridian eaſtward from Greenwich, e. 
Let a perſon at Robſerve the inſtantaneous vaniſh— 
ng of the firſt Satellite K into Jupiter's ſhadow, 
uppoſe at three in the morning; but by the 
Tables he finds the immerſion of that Satellite to 
de at mid- night at Greenwich: he can then imme- 
liately determine, that, as there are three hours 
lifference of time between & and R, and that KR 
s three hours forwarder in reckoning than L, it 
nuſt be 45 degrees of eaſt Longitude from the 
Meridian of 2, Were this method as practicable 
t fea as at land, any ſailor might almolt as eaſily, 
nd with almoſt equal certainty, find the Longi- 
unde as the Latitude. 

214. While the Earth is going from C to F in Fs. I. 
:> Orbit, only the immerſions of Jupiter's Satel- 

= lites 
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We ſeldom lites into his ſhadow are generally ſeen; and their 
eee de emerſions out of it while the Earth goes from G 
end of the tO B. Indeed, both theſe appearances may be 
Lip ot ſeen of the ſecond, third, and fourth Satellite when 
any of eclipſed, while the Earth is between D and E, 
Jupiter's or between G and A; but never of the firſt Sa- 
tellite, on account of the ſmallneſs of its Orbit 
and the bulk of jupiter; except only when Ju- 
piter is directly oppoſite to the Sun, that is, when 
the Earth is at g: and even then, ſtrictly ſpeak- 
ing, we cannot ſee either the immerſions or emer- 
ſions of any of his Satellites, becauſe his body 
being directly between us and his conical ſhadow, 
his Satellites are hid by his body a few moments 
before they touch his ſhadow; and are quite 
emerged from thence before we can ſee them, as it 
were, juſt dropping from behind him. And when 
the Earth is at c, the Sun, being between it and 
Jupiter, hides both him and his Moons from us. 

In this Diagram, the Orbits of Jupiter's Moons 
are drawn in true proportion to his diameter; but 
in proportion to the Earth's Orbit, they are drawn 
81 times too large. TT 

Jopiter's 215. In whatever month of the year Jupiter is 

conjunti- in conjunction with the Sun, or in oppoſition to 

tin, m th it will be a month later at 

Sun, or op- him, in the next year it will be a mo 

1 leaſt. For while the Earth goes once round the 
N Sun, Jupiter deſcribes a twelfth part of his Orbit. 


every year 


in 3 And therefore, when the Earth has finiſhed its 

alts 0 18 . . . » » 

Heaven. annual period from being in a line with the Sun 
and Jupiter, it muſt go as much forwarder as 


Jupiter has moved in that time, to overtake him 


again: juſt like the minute-hand of a watch, 
which muſt, from any conjunction with the hout- 
hand, go once round the dial-plate and ſomewhat 
above a twelfth part more, to overtake the hout- | 


hand again. 


216. It is found by obſervation, that when the 5 


Earth is between the Sun and Jupiter, as at g, bis 
| Satellites 


The Motion of Light demonſtrated. 


they ſhould be according to the Tables; and 
when the Earth is at B or C, theſe eclipſes hap- 
pen about 8 minutes later than the Tables predict 
them. Hence it is undeniably certain, that the 
motion of Light is not inſtantaneous, ſince it 


takes about 164 minutes of time to go through a_ 


ſpace equal to the Diameter of the Earth's Orbit, 
which is 190 millions of miles in length; and con- 
ſequently the particles of Light fly about 193 
thouſand 939 miles every ſecond of time, which 
is above a million of times ſwifter than the motion 


127 
Satellites are eclipſed about 8 minutes ſooner than PLATE 


VI. 


of a cannon ball. And as light is 162 minutes Theforprif- 
in travelling acroſs the Earth's Orbit, it muſt be ing velocitg 


à minutes in coming from the Sun to us; there- 
fore, if the Sun were annihilated, we ſhould ſee 
him for 84 minutes after; and if he were again 
created, he would be 84 minutes old before we 
could ſee him. | 


Liglit. 


217. To explain the progreſſive motion of Fig. v. 


Light, let A and B be the Earth, in two different 
parts of its Orbit, whoſe diſtance from each other 
is 95 millions of miles, equal to the Earth's diſ- 


tance from the Sun S. It is plain, that if the nutraes 
motion of Light were inſtantaneous, the Satellite 9 Figu. 


would appear to enter into Jupiter's ſhadow FF 
at the ſame moment of time to a ſpectator in A as 
to another in B. But by many years obſervations 
it has been found, that the immerſion of the 
datellite into the ſhadow is ſeen 8Z minutes ſooner 
when the Earth is at B, than when it is at A. 
And fo, as Mr. Rok MER firſt diſcovered, the mo- 
tion of Light is*thereby proved to be progrellive, 
and not inſtantaneous, as was formerly believed. 
It is ealy to compute in what time the Earth 
moves from A to B; for the Chord of 60 degrees 
(k any Circle is equal to the Semi-diameter of 
mat Circle; and as the Earth goes through all the 
3bo degrees of its Orbit in a year, it goes through 
of choſe degrees in about 61 days. Therefore, 
1 * 


128 The Motion of Liobt demonfiratet; 


if on any given day, ſuppoſe the firſt of Zune, this Þ 220. 
| Earth is at A, on the firſt of Jugu/t it will be at 

B: the chord, or ſtraight line 4B, being equal to 
DS, the Radius of the Earth's Orbit, the ſame Bj br 
with AS, its diſtance from the Sun. | — 
218. As the Earth moves from D to C, throvg|1 
the fide AB of its Orbit, it is conſtantly meeting 
the light of Jupiter's Satellites ſooner, which oc- 
| caſions an apparent acceleration of their Eclipſes : 
and as it moves through the other half H of its 
Orbit from C to D, it is receding from their light, 
which occaſions an apparent retardation of their 
- | Ecliples, becauſe their light is then longer before 
it overtakes the Earth. 1 

; 219. That theſe accelerations of the immerfions : 

| of Jupiter's Satellites into his ſhadow, as the Earth; 
| approaches toward Jupiter, and the retardations 1 

of their emerſions out of his ſhadow, as the Earth 5 
| is going from him, are not occaſioned by any ine- iſ , 
quality arifing from the motions of the Satellite: - 
in excentric Orbits, is plain, becauſe it affects s 
] them all alike, in whatever parts of their Orbits WM 7 
| they are eclipled. Beſides, they go often round 


8411011 


their Orbits every year, and their motions are no Hirte 
| way commenſurate to the Earth'ss Therefore, 44218 
Phenomenon, not to be accounted for from the * LY 

| real motions of the Satellites, but ſo eafily dedu- MME :; | - 
| cible from the Farih's motion, and fo anſwerable ( —— 
thereto, muſt be allowed to reſult from it. This {0 (24 
aflords ons very good proof of the Earth's annual MW ;; be. 
| motion. : 19 28 
2 30 
e 21 31. 
2 33 
| $3134 
24 | 30c 
My 25 3571 


To convert Motion into Time, and the reverſe, 
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220. Tables for converting mean ſolar Tixte into Degrees and 


Parts of the terreſtrial EquaToR ; and allo for converting 


Degrees and Parts of the EUATOR into mean {lar INE. 
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Of Solar and Sydereal Time. 


Theſe are the Tables mentioned in the 208thF 
Article, and are fo eaſy that they ſcarce require 
any farther explanation than to inform the reader, 


that if, in Table I. he reckons the columns marked 


with Aſteriſks to be minutes of time, the other 


columns give the equatoreal parts or motion in 
degrees and minutes; if he reckons the Aſteriſk 
columns to be ſeconds, the others give the motion 
in minutes and ſeconds of the Equator; if thirds, 
in ſeconds and thirds: And if in Table II. he 
reckons the Aſteriſk columns to be degrees of 
motion, the others give the time anſwering thereto 
in hours and minutes; if minutes of motion, th: 
time is minutes and ſeconds; if ſeconds of motion, 
the correſponding time is given in ſeconds and 
thirds. An example in each caſe will make the 
whole very plain. 
EXAMPLE I. | EXAMPLE II. 

In 10 hours 15 mi-] In what time will 15; 
nutes24 ſeconds 20 thirds, degrees 51 minutes 5 ſe. 
u. How much of theſconds of the Equator 
Equator revolves through'revolve through the Me. 


the Meridian ? ridian ? 
Deg. M. S. H. M. S. J. 
Hours 10 150 0 of, 50 10 0-0 0 
Min. 15 3 45 eg. 3 12 04 
Sec. 24 6 Min. 51 3 24 0 
Thirds 20 . 5 20 
Anſeoer 153 $1 5 Anſtwer 10 15 24 20 


CHAP Si 


Of Solar and Sydereal Time. 


221. HE Stars appear to go round the Earth 
in 23 hours 56 minutes 4 ſeconds, ard 

the Sun in 24 hours: ſo that the Stars gain thrice 
minutes 56 ſeconds upon the Sun every day, wo 
| amoum 


Of Solar and Sydereal Time: 


amounts to one diurnal rev lution in a year; and 
therefore, in 365 days, as meaſured by rhe returns 
of the Sun to the Meridian, there are 308 days, as 
meaſured by the Stars returning to it: the former 
are called Solar Days, and the latter Sydereal. 

The diameter of the Earth's Orbit is but a phy- 
fical point in proportion to the diſtance of the 
Stars; for which reaſon, and the Earth's uniform 
motion on its Axis, any given Meridian will re- 
volve from any Star to the ſame Star again in 
every abſolute turn of the Earth on its Axis, with- 
out the leaſt perceptible difference of time ſhewn 
by a Clock which goes exactly true. 

If the Earth had only a diurnal motion, with- 
out an annual, any given Meridian would revolve 
from the Sun to the Sun again in the fame quan- 
tity of time as from any Star to the ſame Star 
again; becauſe the Sun would never change his 
place with reſpect to the Stars. But, as the Earth 
advances almoſt a degree eaſtward in its Orbit in 


the time that it turns eaſtward round its Axis, 


whatever Star paſſes over the Meridian on any day 


with the Sun, will paſs over the ſame Meridian on 
the next day when the Sun is almoſt a degree ſhort 


of it; that is, 3 minutes 56 ſeconds. ſooner. If 


the year contained only 3bo days, as the Ecliptic 
does 390 degrees, the Sun's apparent place, ſo far 
as his: motion is equable, would change a degree 
every day; and then the ſydereal days would be 
juſt 4 minutes ſhorter than the ſolar. 

Let ABCDEFGHIKLM be the Farth's Orbit, 
in which it goes round the Sun every year, accord- 
ing to the order of the letters, that is, from weſt to 

eaſt; and turns round its Axis the ſame way from 
the Sun to the Sun again in every 24 hours. Let S 
be the Sun, and & a fixed Star at ſoch an immenſe 
diſtance, that the diameter of the Earth's Orbit 
bears no ſenſible proportion to that diſtance. Let 


Fig. I. 


NN m be any particular Meridian of the Earth, and 


N a given point or place upon that Meridian. 
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When the Earth is at A, the Sun & hides the Star 
NR, winch would be always bid if the Earth never 
removed from 4; and conſequently, as the Earth 
turns round its Axis, the point N would always 
come round to the Sun and Star at the ſame time, 
But when the Earth has advanced, ſuppoſe a twelfth 
part of its Orbit from A to B, its motion round 
its Axis will bring the point N a twelfth part of 
a natural day, or two hours, ſooner to the Star than 
to the Sun; for the Angle N Bn is equal to the 
Angle AB: and therefore any Star, which comes 
to the Meridian at noon with the Sun when the 
Earth is at 4, will come to the Meridian at 1o in 
the forenoon when the Earth is at B. When the 
Earth comes to C, the point N will have the Star 
cn its Meridian at 8 in the morning, or four hours 
ſooner than it comes round to the Sun; for it muſt 
revolve from IV to ꝝ before it has the Sun in its 
When the Earth comes to D, the point 
N will have the Star on its Meridian at 6 in the 
morning, but that point muſt revolve ſix hours 
more from N to u, before it has mid-day by the 
Sun : for now the Angle ASD is a right Angle, 
and ſo is N Dn; that is, the Earth has advanced 
9o degrees in its Orbit, and muſt turn 90 degrees 
on its Axis to carry the point N from the Star to 
the Sun : for the Star always comes to the Meri- 
dian when Nn is parallel to RSA; becauſe DS is 
but a point in reſpect of RS. When the Earth is 
at E, the Star comes to the Meridian at 4 in the 
morning; at J, at 2 in the morning; and at G, 
the Earth having gone half round its Orbit, N 
points to the Star R at midnight, it being then 
directly oppoſite to the Sun. And therefore, by 
the Earth's diurnal motion, the Star comes to the 
Meridian 12 hours before the Sun. When the 
Earth is at I, the Star comes to the Meridian at 
10 in the evening; at J it comes to the Meridian 
at 8, that is, 16 hours before the Sun; at K 18 
hours before him; at L 20 hours; at M 22; and 
*at A equally with the Sun again. 
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PLATE 222. Thus it is plain, that an abſolute turn of 
. the Earth on its Axis (which is always completed 
An abſolute when any particular Meridian comes to be parallel 
3 to its ſituation at any time of the day before) never 
Ani never brings the ſame Meridian round from the Sun to 
— the Sun again; but that the Earth requires as 
| much more than one turn on its Axis to finiſh a 
natural day, as it has gone forward in that time; 
which, at a mean ſtate, is a 365th part of a Circle, 
Hence, in 365 days, the Earth turns 366 times 
round its Axis; and therefore, as a turn of the 
Earth on its Axis completes a ſydereal day, there 
mult be one ſydereal day more in a year than the 
number of ſolar days, be the number what it will, 
on the Earth, or any other Planet, one turn being 
loſt with reſpect to the number of ſolar days in 2 
year, by the Planet's going round the Sun; juſt as 
it would be loſt to a traveller, who, in going round 
the Earth, would loſe one day by following the 
apparent diurnal motion of the Sun; and conſe- 
quently would reckon one day leſs at his rerurn 
(let him take what time he would to go round the 
Earth) than thoſe who remained all the while at 
the place from which he ſet out. So, if there were 
two Earchs revolving equally on their Axes, and 
if one remained at A until the other had gone round 
the Sun from 4 to A again, that Earth which kept 
its place at A would have its folar and ſyderea 
days always of the ſame length; and ſo would have 
one ſolar day more than the other at its return, 
Hence, if the Earth turned but once round its 
Axis in a year, and if at turn was made the ſame 
way as the Earth goes round the Sun, there would 
be continual day on one ſide of the Earth, and 

com inual night on the other. 
223. The firſt part of the preceding Table ſhews 
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how much of the celeſtial Equator paſſes over the 


Nleridlan in any given part of a mean folar day, 
and is to be underſtood the ſame way as the Table 


in the 220th article. The latter part, intituled, 
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the Stars 
method of knowing whether or no our clocks and er . 


watches go true: For if, through a ſmall hole in a Clock gees 
d. 
window- ſnutter, or in a chin plate of metal fixed to 


a window, we obſerve at what time any Star diſap- 
pears behind a chunney, or corner of a houſe, at a 
little diſtance ; and if the ſame Star diſappears the 
next night 3 minutes 56 ſeconds ſooner by the 
clock or watch; and on the ſecond night, 7 mi- 
nutes 52 ſeconds ſooner ; the third night 11 mi- 
nutes 48 ſeconds ſooner ; and ſo on, every night, 
as in the Table, which ſhews this difference for 
20 natural days, it is an infallible ſign that the ma- 
chine goes true; otherwiſe it does not go true, and 
muſt be regulated accordingly ; and as the diſap- 
pearing of a Star is inſtantaneous, we may depend 
on this information to half a ſecond, 
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22.4. HE Earth's motion on its Axis being 

perfectly uniform, and equal at all times 
of the year, the ſydereal days are always preciſcly 
of an equal length; and fo would the ſolar. or va- 
tural days be, if the Earth's Orbit were a perfect 
Circle, and its Axis perpendicular to its Orbit. 
But the Earth's diurnal motion on an inclined 


Axis, and its annual motion in an elliptic Orbit, Tue Sun 


cauſe the Sun's apparent motion in the Heavens to 
be unequal : for ſometimes he revolves from the 
Meridian to the Meridian again in ſomewhat lels 
than 24 hours, ſhewn by a well-regulated clock; 
and at other times in ſonewhat more: ſo that the 
time ſhewn by an equa'-going clock and a true 
Sun-dial is never the ſame but on the 14th of 
Aprit, the 15th of June, the 31ſt of Auguſt, and the 
23d of December. The clock, if it goes equably 
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from the 23d of December till the 14th of April; 
from that time till the 16th of June the Sun will 


he before the clock; from the 15th of June till the 
211t of Avguſt the clock will be again before the 
Sun; and from thence to the 23d of December the 
Sun will be faſter than the clock. 

225. The Tables of the Equation of natural 
days, at the end of the following Chapter, ſhew the 
time that ought to be pointed out by a well-regu- 
lated clock or watch, every day of the year, at the 
preciſe moment of folar noon; that is, when the 
Sun's center is on the Meridian, or when a true 
Sun-dial ſhews it to be preciſely Twelve. Thus, 
on the gth of January in Leap- year, when the Sun 
is on the Meridian, it ought to be 5 minutes 52 
ſeconds paſt tw eve by the clock : and on the 15th 
of May, when the Sun is on the Meridian, the time 
by the clock ſhould be but 56 minutes 1 ſecond 
paſt cI-ven : in the former cafe, the clock is 5 mi- 
nutes 52 ſeconds before the Sun; and in the latter 
caſe, the Sun 1s 3 minutes 39 ſeconds taſter than 
the clock. But without a Meridian Line, or a 
Tranſit Inſtrument fixed in the plane of the Meri: 
dian, we cannot ſet a Sun-dial true. 


226. The eafeſt and moſt expeditious way of 
drawing a Meridian Line 1s this: Make four or 
five concentric Circles, about a quarter of an inch 
from one another, on a flat board about a foot in 
breadth ; and let the outmeſt Circle be but little 
leſs than the board will contain. Fix a pin per— 
pendicularly in the center, and of ſuch a length 


moſt Circle for at leaſt four hours in the middle 
of the day. The pin ought to be about an eighth 
part of an inch thick, and to have a round blunt 
point. The board being ſet exactly level iu a place 
where the Sun ſhines, ſuppoſe from eight in the 
morning till four in the afternoon, about which 
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all the Circles; watch the times in the forenoon, 
when the extremity of the ſhortening ſhadow juſt 
touches the ſeveral Circles, and here make marks. 
Then, in the afternoon of the ſame day, watch 
the lengthening ſhadow, and where its end touches 
the ſeveral Circles in going over them, make 
marks alſo. Laſtly, with a pair of compaſſes, find 
exactly rhe middle point between the two marks on 
any Circle, and draw a ſtraight line from the cen- . 
ter to that point; which Line will be covered at | 
noon by the ſhadow of a ſmall upright wire, which ſm 
ſhould be put in the place of the pin. The reaſon e | 
for drawing ſeveral Circles is, that in caſe one part 
of the day ſhould prove clear, and the other part | 
ſomewhat cloudy, if you miſs the time when the 
»oint of the ſhadow ſhould touch one Circle, you 
may perhaps catch it in touching another. The 
belt time for drawing a Meridian Line in this 
manner is about the ſummer ſolſtice; becauſe the | 
Sun changes his decliuation floweſt and his altitude Vs 
faſteſt in the longeſt days. o 
f the caſe ment of a window on which the Sun Ss | 
ſaines at noon be quite upright, you may draw a = 
line along the edge of its ſhadow on the floor, 1 
when the ſhadow of the pin is exactly on the | 
Meridian Line of the board: and as the motion . + 
of the hadow of the caſement will be much more 
ſenſible on the floor than that of the ſhadow of 
the pin on the board, you may know to a few 
ſeconds when it touches the Meridian Line on the 
Wor; and fo regulate your clock for the day of 
0>rvaion by that line and the Equation Tables 
above mentioned, 8 225. 


227. As the equation of time, or diffetence Equatin of 
between the time ſhewn by a well-regulated Clock explants. 
ind a true Sun-dial, depends upon two cauſes, 
namely, the obliquity of the Ecliptic, and the 
U1c4ual motion of the Earth in it, we ſhall firſt 
explain 
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explain the effects of theſe cauſes ſeparately, and 
then the united effects reſulting from their combi- 
nation. | | 

228, The Earth's motion on its Axis being 
perfectly equable, or always at the ſame rate, and 
the * plane of the Equator being perpendicular 
to its Axis, it is evident that in equal times 
equal portions of the Equator paſs over the Meri- 
dian; and ſo would equal portions of the Ecliptic, 
if it were parallel to or coincident with the Equa- 
tor. But, as the Ecliptic is oblique to the 
Equator, the equable motion of the Earth carries 


unequal portions of the Ecliptic over the Meri. 


dian in equal times, the difference being propor: 
tionate to the obliquity; and as ſome parts of 
the Ecliptic are much more oblique than others, 
thoſe differences are unequal among themſelves. 
Therefore if two Suns ſhould ſtart either from 
the beginning of Aries or Libra, and continue to 
move through equal arcs in equal times, one in 
the Equator, and the other in the Ecliptic, the 
equatoreal Sun would always return to the Meri— 
dian in 24 hours time, as meaſured by a well- 
regulated clock; but the Sun in the Ecliptic 
would return to the Meridian ſometimes ſooner, 
and ſometimes later than the equatoreal Sun; and 
only at the ſame moments with him on four days 
of the year; namely, the 2oth of March, when 
the Sun enters Aries; the 21ſt of June, when he 
enters Cancer; the 23d of September, when he 
enters Libra; and the 21ſt of December, when he 
entcrs Capricorn, Bur, as there is only one Sun, 
and his apparent motion is always in the Ecliptic, 
let us henceforth call him the real Sun, and the 
other, which is ſuppoſed to move in the Equato! 


* If the Earth were cut along the Equator, quite throng" 
the center, the flat turface of this {eftion would be the plane 
of the Equator ; as the paper contained within any Cu 
may. be juſtly termed the plane of that Circle. 
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the fictitious: to which laſt, the motion of a well- PLATE 


regulated clock always anſwers. 


Let Z Y 2 » be the Earth, ZFRz its Axis, Fig. III. 


abede, &c. the Equator, AB DE, &c. the north- 
ern half of the Ecliptic from Y to -= on the ſide of 
the Globe next the eye, and MNOP, &c. the 
ſouthern half on the oppoſite fide from = to Y. 
Let the points at A, B, C, D, E, F, &c. quite 
round from Y to Y again, bound equal portions 
of the Echptic, gone through in equal times by 
the real Sun; and thoſe at a, b, c, d, e, / &c. 
equal portions of the Equator deſcribed in equa] 
times by the fictitious Sun; and let Z Y Z be the 
Meridian. 


As the real Sun moves obliquely in the Ecliptic, 


and the fiftitious Sun directly in the Equator, with 
reſpe& to the Meridian, a degree, or any num- 
ber of degrees, between Y and Fon the Ecliptic, 
maſt be nearer the Meridian Z Y z, than a de- 
gree, or any correſponding number of degrees on 
the Equator from Y to /; and the more to, as 
they are the more oblique : and therefore the true 
Sun comes ſooner to rhe meridian every day while 
he is in the quadrant V, than the ſictitious Suu 
does in the quadrant Y /; for which reaſon, the 
ſolar noon precedes noon by tie Clock, until the 
real Sun comes to F, and the ſictitious to F, which 
two points, being equidiſtant from the Meridian, 
both Suns will come to 1t preciſely at avon by the 
Peel, = 8 

Wnile the real Sun deſcribes the ſecond qua— 
drant of the clipric FGHIKL trom S to , he 
comes later to the Meridian every day than the 
1t:tious Sun moving through the ſecond quadrant 
of tie rquator from F to =; for the points at 
C, H, I, K, and L being farther from the Mori— 
Gin than cheir correſponding points at g, 4, 1, E, 
J, they muſt be later in coming to it: and as 
/ 11:15 come at tic ſame moment to the point 
„ they come to the Meridian at the moment of 
noun by the Clock. 
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In departing from Libra, A the third 
quadrant, the real Sun going through MNOP2 
toward V at R, and the fictitious Sun through |þ 
mnopgq toward r, the former comes to the Meri. 
dian every day ſooner than the latter, until the 
real Sun comes to V, and the fictitious to r, and 
then they both come to the Meridian at the ſame 
time. 

Laſtly, as the real Sun moves equably through 
STU 7 from v9 toward Y ; and the fictitious 
Sun through s$tuvm, from r toward Y, the for- 
mer comes later every day to the Meridian than 
the latter, until they both arrive at the point , 
and then they make it noon at the ſame time with 
the clock. 


229. The annexed Table ſhews how much the 

Sun is faſter or flower than the clock ought to 

be, ſo far as the difference depends upon the obli— 

quity of the Ecliptic; of which the Signs of the 

firſt and third quadrants are at the head of the 

A Een. Table, and their Degrees at the left hand; and 

ene Time in theſe the Sun is faſter than the Clock: the 

depcucins. Signs of the ſecond and fourth quadrants are at 
on the Sun's , © 

place in the the foot of the Table, and their degrees at the 

Echptic. right hand; in all which the Sun is flower than 

the Clock; ſo that entering the Table with the 

given Sign of the Sun's place at the head of the 

Table, and the degree of his place in that Sign 

at the left hand; or with the given ſign at the 

foot of the Table, and Degree at the right hand; 

in the angle of meeting is the number of minutes 

and ſeconds that the Sun is faſter or flower than 

the clock: or in other words, the quantity of time 

in which the real Sun, when in that part of the 

F.cliptic, comes ſooner or later to the meridian 

than the fictitious Sun in the Equator. Thus, 

when the Sun's place is 8 Taurus 12 degrees, he 

is 9 minutes 47 ſeconds taſter than the clock; 
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1d when his place is £5 Cancer 18 degrees, he is 
minutes 2 ſeconds ſlower. Fo 
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yu" fafter than the Clock n ' 
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4 1 
| Su fjorver than the Clock in 
This Table is formed by taking the difference 


tween the ſun's longitude and its right aſcen- 
an, and turning it into time. 


230. This 
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230. This part of the Equation of time may 
perhaps be ſomewhat difficult to underſtand by x 
Figure, becaufe both halves of the Ecliptic 200 
to be on the ſame ſide of the Globe: but it may 
be made very eaſy to any perſon who has a real 
Globe before him, by putting ſmall patches on 
every tenth or fifteenth degree both of the Equa. 
tor and Ecliptic, beginning at Aries Y; and 
then, turning the ball ſlowly round weſtward, he 
will ſee all the patches from Aries to Cancer come 
to the brazen Meridian ſooner than the corre- 
ſponding patches on the Equator; all thoſe from 
Cancer to Libra will come later to the Meridian 
than their correſponding patches on the Equator; 
thoſe from Libra to Capricorn ſooner, and thoſe 
from Capricorn to Aries later; and the patches 2 
the beginnings of Aries, Cancer, Libra, and Ca. 


Equator, ſhew that the two Suns either meet 
there, or are even with one another, and ſo come 
to the Meridian at the ſame moment. 

231. Let us ſuppoſe that there are two little 
balls moving equably round a celeſtial Globe by 
'clock-work, one always keeping in the Ecliptic, 
and gilt with gold, to repreſent the real Sun ; and 


to repreſent the fictitious Sun: and that while 
theſe balls move once round the Globe accord- 
ing o the order of Signs, the Clock turns th 
Giobe 366 times round its Axis weſtward. The 
Stars will make 366 diurnal revolutions from the 

razen M erp ph, to it again; and the two balls re- 


Preſenting the real and fictitious Suns always going 


farther caſtward from any given Star, will come 
later than it to the Meridian every following day: 


and each ball will make 365 revolutions to the! 


Meridian ; coming equally to "it at the beginning 
of Aries, Cancer. Likes and Capricorn; but m 


every other pane of the Ecliptic, the gilt bail 


will come either ſooner or later to the Meridian 
| than 
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than the filvered ball, like the patches above- prarte. 


mentioned. This would be a pretty way enough 
of ſhewing the reaſon why any given Star, which, 

on a certain day of the year, comes to the Meri- 
dian with the Sun, paſſes over it ſo much ſooner 
every following day, as on that day twelvemonth 


to come to the Meridian with the Sun again; and 


alſo to fhew the reaſon why the real Sun comes to 
the Meridian ſometimes ſooner, and ſometimes later, 
than the time when it is noon by the clock; and, 
on four days of the year, at the ſame time; while 
the fictitious Sun always comes to the Meridian 


when 1t 1s twelve at noon by the clock. This 


would be no difficult taſk for an artiſt to perform: 
for the gold ball might be carried round the Ecliptic 
by a wire from its north Pole, and the filver ball 
round the Equator by a wire from its ſouth Pole, 
by means of a few wheels to each; which might be 
eahly added to my improvement of the celeſtial 
Globe, deſcribed in Ne 483 of the Philoſophical 
Tranſactions ; and of which I ſhall give a deſcrip- 


tion in the latter part of this Book, from the third 
Figure of the third plate. 


VI. 


232. It is plain that if the Ecliptic were more Fig. . 


obliquely poſited to the Equator, as the dotted 
Circle Y x , the equal diviſions from Y to x 
would come ſtill ſooner to the meridian Z o T7 
than thoſe marked 4, B, C, D, and E do: for two 
diviſions containing 30 degrees, from Y to the 
ſecond dot, a little ſhort of the figure 1, come 
ſooner to the Meridian than one diviſion contain- 
ing only 15 degrees from Y to A does, as the 
Eclipric now ſtands; and thoſe of the ſecond 
quadrant from x to = would be ſo much later. 
The third quadrant would be as the firit, and the 
fourth as the ſecond. And it is likewiſe plain, 
that where the Ecliptic is molt oblique, namely, 
about Aries and Libra, the difference would be 
greateſt; and leaſt about Cancer and Capricorn, 
where the obliquity is leaſt. 


224, Having 


| 
l 
| 
| 
| | 


| 
| 
q 
| 
| 
| 
l 
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234. Having explained one cauſe of the dif- 
ference of time ſhewn by a well-regulated Clock 
and a true Sun-dial, and conſidered the Sun, not 
the Earth, as moving in the Ecliptic, we now 
procecd to explain the other cauſe of this difter- 
ence, namely, the inequality of the Sun's apparent 
motion, & 205, which is floweſt in ſummer, when 
the Sun is fartheſt from the Earth, and ſwitteſt in 
winter when he is neareſt to it. But the Earth's 
motion on its Axis is equable all the year round, 
and is performed from welt to eaſt; which is the 
way that the Sun appears to change his place in the 
Ecliptic. 

235. If the Sun's motion were equable in the 
Ecliptic, the whole diflerence between the equal 
time as ſhewn by the Clock, and the unequal time 
as ſhewn by the Sun, would ariſe from the obli- 
quity of the Ecliptic. But the Sun's motion 
ſometimes exceeds a degree in 24 hours, though 
gencrally it is leſs; and when his 2 5 15 


floweſt, any particular Meridian will revolve ſooner 


to him than when his motion is quickeſt; for it 

will overtake him in 1-1s time when he advances a 

leſs ſpuce than when he moves through a larger. 
236. Now, if there were two Suns moving 1n 


the plane of the Ecliptic, ſo as to go round it in 


Fig. IV. 


a year; the one deſcribing an equal arc every 
24 hours, and the other deſcribing ſometimes a 
leſs arc in 24 hours, and at other times a larger; 
gaining at one time of the year what it loſt at the 
oppoſite; it is evident that either of theſe Suns 
would come ſooner or later to the Meridian than 
che other, as it happened to be behind or before 
the other: and when they were both in conjunc- 
tion, they would come to the meridian at the fame 
Moment. 

237. As the real Sun moves unequably in .the 
Fcliptic, let us ſuppoſe a fictitious Sun to move 
equably in a circle coincident with the plane of 
the Eeliptic. Let 4BCD be the kcliptic or Orbit 

| =: M0 
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in which the real Sun moves, and the dotted 
Circle ab cd the imaginary Orbit of the fictitious 
Sun ; each going round in a year according to the 
order of letters, or from welt to eaſt. Let HA. 
be the Earth turning round its Axis the fame way 
every 24 hours; and ſuppoſe both ſuns to ſtart 
from A and a, in a right line with the plane of the 
Meridian E H, at the ſame moment: the real Sun 
| at A, being then at his greateſt diſtance from the 
Earth, at which time his motion is ſloweſt; and 
the fictitious Sun at a, whoſe motion is always 
equable, becauſe his diſtance from the Earth is 
ſuppoſed to be always the ſame. In the time that 
the Meridian revolves from H to H again, accord- 
ing to the order of the letters HHR, the real Sun 
has moved from A to F; and the fictitious with a 
quicker motion from à to /, through a larger are; 
therefore, the Meridian EH will revolye ſooner 
from H to h under the real Sun at V, than from 
Hto & under the fictitious Sun at 7; and conſe- 
quently it will then be noon by the Sun-dial ſooner 
than by the Clock. N 

As the real Sun moves from A toward C, the 
| {wiftnels of his motion increaſes all the way to C, 
where it is at the quickeſt. But notwithſtanding 


this, the fictitious Sun gains ſo much upon the 


| real ſoon after his departing from 4, that the 
ncreaſing velocity of the real Sun does not bring 


bim up with the equally moving fiftitious Sun 


till the former comes to C, and the latter to c, 
when each has gone half round its reſpective 
Orbit; and then being in conjunction, the Meri— 
dian EH revolving to E K comes to both Suns at 
the ſame time, and therefore it is noon by them 
both at the ſame moment. 8 

But the increaſed velocity of the real Sun, no: 
being at the quickeſt, carries him before the ficti- 
tous one; and, therefore, the ſame Meridian will 
come to the fictious Sun ſooner than to the real: 
tr while the fictitious Sun moves from c to g, 


8 
7 L the 
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PLATE the real Sun moves through a greater arc from C 


VI, 


Apogee, 
Perigse, 
what. 


Fig. IV. 


Mean Ano- 
Maly, what. 


1a the half ABC of its Orbit, the ſolar noon Pre 


to G: conſequently the point K has its noon by ces 
the Clock a hen it comes to &, but not its noon by Me 
the Sun till it comes to /. And although the ve— bet 
locity of the real Sun diminiſhes all the way from C the 
to A, and the fictitious Sun by an equable motion An. 
is ſtill coming nearer to the real Sun, yet they are , 
not in conjunction till the one comes to A, and the wa 
other to a; and then it is noon by them both at 
the ſame moment. Sun 
Thus it appears, that the folar noon is always lame 
later than noon by the clock while the Sun goes 2. 
from C to 4, ſooner while he goes from A to CW" E 
and at theſe two points the Sun and Clock being maly 
equal, it is noon by them both at the ſame mo- clip 
ment. | Vari: 
ſultin 


238. The point A is called the Sun's Apogee, Ile b 
becauſe when he is there, he is at his greatcſ}'*c 
diſtance from the Earth; the point C his Periges, 
becauſe when in it he 1s at his leaſt diſtance from 
the Earth: and a right line, as AE C, draw 
through the Earth's center, from one of thei 
points to the other, is called the line of the Apſides 

39. The diſtance that the Sun has gone 1 
any time from his Apogee (not the diſtance he hat 
to go to it, though ever fo little) is called 9. 
mean Anomaly, and is reckoned in Signs and Ve 
grees, allowing 3o Degrees to a Sign. Thus 
when the Sun has gone 174 degrees from hi 
Apogee at A, he is ſaid to be 5 Signs 24 Degree 
from it, which is his mean Anomaly ; and whe: 
he is gone 255 Degrees from his Apogee, he 
ſaid to be 11 Signs 25 Degrees from it, althougg 
he be but 5 Degrees ſhort of 4 in coming roun 
to it again. 

240. From what was ſaid above, it appear. 
that when the Sun's Anomaly is leſs than 6 Sig! 
that is, when he is any where between A and 


cecg 


2 
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cedes the clock noon; but when his Anomaly 1s 
more than 6 Signs, that is, when he 1s any where 
between C and A, in the half CD A of his Orbit, 
the clock noon precedes the ſolar. When his 
Anomaly is o Signs, o Degrees, that is, when he 
is in his Apogee at A; or 6 Signs o Degrees, 
which is when he is in his Perigee at C; he comes 
to the Meridian at the moment that the fictitious 
Sun does, and then it is noon by them both at the 
ſame inſtant. 

241. The following Table ſhews the Variation, 
or Equation of time depending on the Sun's A no- 
maly, and ariſing from his unequal motion in the 
Ecliptic ; as the former Table, & 229, ſhews the 
Variation depending on the Sun's place, and re- 
ſulting from the obliquity of the Ecliptic: this is 
to be underſtood the ſame way as the other, 
namely, that when the Signs are at the head of 
the Table, the Degrees are at the left hand; but 
Ihen the Signs are at the foot of the Table, the 
reſpective Degrees are at the right hand; and in 
Moth caſes the Equation is in the Angle of meer» 
Wiz. When both the above-mentioned Equations 
re either faſter or ſlower, their Sum is the abſo- 
ute Equation of Time; but when the one is 
iter, and the other flower, it is their difference. 
us, ſuppoſe the Equation depending on the 
M's place be 6 minutes 41 ſeconds too flow, 
nd the Equation depending on the Sun's Ano- 
Wy be 4 minutes 20 ſeconds too flow, their ſum 
J eleven minutes one ſecond too flow. But if the 
Je had been 6 minutes 41 ſeconds too faſt, and 
„Ne other 4 minutes 20 ſeconds too flow, their dif- 
— rence would have been 2 minutes 21 ſeconds tao 

t becauſe the greater quantity is too faſt. 


L 2 Sun 
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| Sun faſler than the Clock if bis Anomaly be | wo 
b 5 | in 
ok 8. M. S. M. S. M. 8. . S. M. 8 5 
ol o 93 47] 36] 7 4306 45] 3 5630 ax 
110 8 3 5416 40} 7 4316 41] 3 4920 ng 
2] © 604 1/6 447 43 6 37] 3 41/28 But 
30 244 80 4807 43] 0. 32 3 34125 af 
41 0:32] 4. 141.0 7 $21.7 441 ©: 2%} 3- a7jab 
* O' 4014 21 6 56 7 42 6 2443 1925 Cap 
600 47 4 276 597 4116 19 3 12124] can. 
719 554 347 2/7 496 403 4 Sigt 
80 £ 4 497 607 396 92 57 
37 1 the 
g| 114 47/7 97 3806 4/2 49 5 
A Table of io) 1 19] 4 53] 7 127 37]5 59] 2 41 fron 
ha * 11 274 597 147 3605 54] 2 34 neſs 
Time, de- 12 1 #5: $0-7--291-7--3$1-$-.-49%-2 --20 2, 
pending on 13 f 42] 5 11] 7 20] 7. 33] 5 43] 2 18 "a 
the Sun's 14 1 5015 171 7 22 7 31 5 38 833 3 neu 
Anomaly. 15 1 57 5 22 7 24 7 29 5 32 2 2 of e 
014-66 $8 7. 27 7 3715 ar 66 after 
17 2 13]5 347 29 7 250 5 20] x 46 the 1 
18) 2 20] 5 39 3/7 235 4 1 38 h 
12 280 f. 44 7 32 7 200 5 t 30 that 
200 2 35| 5 507 34/7 180 5 2} r 22 thod 
121 2 43 5 38 7-:35| 7- 154 500 1 14 the 
2 2 f 8 7 37 7 12] 4 88 end 
232 57 6 65/7 387 94 430 58 P 
2443 5 17 397 404 37]9 49 18 
26 3 12 6 14] 7 480% 34 30% 41 few 
26] 3 19 6 197 41] 7 Of 4 23] © 33 follo! 
27] 3 26/6 24| 7 41] ©: 566 4 17J © 25 the 
280 3 33 6 280 7 42] 6 53] 4 100 0 17 - 4 
29 3 40 6 3217 42 6 491 4 3} © 8 comb 
39.347 6 36% 7.43] 4 e minu 
| mY . : | 4 Place 
| rr Signs IO 9 8 2 6 D. theſe 
| Sun ſlower than the Clock if bis Anomaly le“ ſerve 
= : | . | . ſecon 
1 This Table is formed by turning the EquationJ, 


of the Sun's Center (lee p. 316) into time. becau 
242. The obliquity of the Ecliptic to the Equa- 20 
tor, Which is the firſt mentioned cauſe of the 
Equation of Time, would make the Sun and Fx 
Clocks agree on four days of the year; which are, In th 
when the Sun enrers Aries, Cancer, Libra, and 


Capricorn: but the other cauſe, now explained, 
would 
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would make the Sun and Clocks equal only twice 
in a year; that is, when the Sun is in his Apogee 
and Perigee. Conſequently, when theſe two 
| points fall in the beginnings of Cancer and Capri- 
corn, or of Aries and Libra, they concur in mak- 
ing the Sun and Clocks equal in theſe points. 
But the Apogee at preſent is in the grh degree 
of Cancer, and the Perigee in the gth degree of 
Capricorn; and therefore the Sun and Clocks 
cannot be equal about the beginnings of theſe 
Signs, nor at any time of the year, except when 
the ſwiftneſs or ſlowneſs of the Equation reſulting 
from one caufe juſt balances the flowneſs or ſwift- 
neſs ariſing from the other. 

243. The fecond Table in the following Chapter 
ſnews the Sun's place in the Eeliptic at the noon 
of every day by the Clock, for the ſecond year 
after Leap-year; and alſo the Sun's Anomaly to 
the neareſt degree, neglecting the odd minutes of 
that degree. Its uſe is only to aſſiſt in the me- 
thod of making a general Equation Table from 
the two fore- mentioned Tables of Equation de- 
pending on the Sun's Place and Anomaly, $ 229, 
2413 concerning which method we ſhall give a 
few examples preſently. The next Tables which ; 
follow them are made from thoſe two; and ſhew 
tue abſolute Equation of Time reſulting from the 
combination of both its cauſes; in which the 
minutes as well as degrees, both of the Sun's 
Place and Anomaly, are conſidered. The uſe of 
theſe Tables is already explained, & 225: and they 
ſerve for every day in Leap-year, and the firſt, 
ſecond, and third years after: For on moſt of the 
ame days of all theſe years the Equation differs, 
becauſe of the odd fix hours more than the 363 
days of which the year conſiſts, - 


ExAmeLE I. On the 14 of April, the Sun is Examples 
in the 25th degre of Y Aries, and his Anomaly p 
5 9 Signs 15 degrees; the Equation reſulting Tables. 

L 3 from 


5 
_ — — — — . —— . 
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from the former is 7 minutes 22 ſeconds of time 
too fait, $ 229; and from the latter, 7 minutes 
24 ſecends too flow, § 241; the difference is 2 


. ſeconds that the ſun is too flow at the noon of 


that dav, taking it in groſs for the degrees of the 
Sun's Place and Anomaly, without making pro- 
portionable allowance for the odd minutes, 
Hence, at noon, the ſwiftneſs of the one Equation 
balancing ſo nearly the flowneſs of the other, 
makes the Sun and Clocks equal on ſome part of 
that day. 


EPpaMPLE II. On the 16th of June, the Sun i. 
in the 25th degree of 7 Gemini, and his Ano- 
maly is 11 Signs 16 Degrees; the Equation ariſing 
from the former is 1 minute 48 ſeconds too faſt: 
and from the latter 1 minute 50 ſeconds too flow; 
which balancing one another at noon to 2 ſeconds, 
the Sun and Clocks are again equal on that day. 


ExameLe III. On the gift of Auguſt, the Sun; 
place is 8 degrees 11 minutes of m Virgo (which 
we call the Sch degree, as it is ſo near), and hi 
Anomaly is 1 Sign 29 Degrees; the Equation ar! 
ſing from the former is 6 minutes 40 ſeconds 
too ſlow ; and from the latter © minutes 32 ſecond; 
too faſt; the difference being only 8 ſeconds to 
now at noon, and decreaſing toward an equality 
will make the Sun and C. ocks equal in the evenin 
of that day. 


ExamPLE IV. On the 23d of December, the 
Sun's place is 1 degree 58 minutes (call it 2 de 
grees) of V Capricorn, and his Anomaly is 5 Sign 
23 Degrees; the Equation for the former is 4 
ſeconds too ſlow, and for the latter 58 ſeconds to 
faſt ; the diflerence is 15 ſeconds too faſt at noon 
which decreafing will come to an equality, 2nd | 
make the Sun and Clocks equal in the evening of 
that day. 
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And thus we find, that on ſome part of each of 
the above-mentioned four days, the Sun and Clocks 
are equal; but if we work examples for all other 
days of the year, we ſhall find them different. And, 

244. On thoſe days which are equidiſtant from 
any Equinox or Solſtice, we do not find that the 
Equation 1s as much too faſt or too flow on the 
one ſide, as it is too ſlow cr too faſt on the other. 
The reaſon is, that the line of the Apſides, & 238, Remark. 
does not, at preſent, fall either into the Equinoctial 
or Solltitial points, S 242. 


245. The four following Equation Tables, for The Reaſon 
Leap- year, and the firſt, ſecond, and third years after, WAY Ales 
would ſerve for ever, if the Sun's Place and Ano- are but tem- 
maly were always the ſame on every given day of PI. 
the year as on the ſame day four years before or 
after. But ſince that is not the cafe, no general 
Fquation Tables can be ſo conſtructed as to be 


perpetual, 


C H A P. AIV. 
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246. JT has been already obſerved, d 116, that | | 
by the Earth's motion on its Axis, there | 

is more matter accumulated all around the equa- | 
torial parts than any where elſe on the Earth. 
The Sun and Moon, by attracting this redun- 
dancy of matter, bring tae Equator ſooner under 
them in every return towards it, than if there was 
no ſuch accumulation. Therefore, if the Sun ſets 
out, from any Star, or other fixed point in the 
Heavens, the moment when he is departing from 
the F.quinoctial or from either Tropic, he will come 
to the fame Equinox or Tropic again 20 min. 175 
ſec. of time, or 0 ſeconds of a degree, betore he 
completes his courſe, fo as to arrive at the ſame 
fixed Star or Point from whence he ſet out. For 
L 4 the 
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PLATE the Equinoctial points recede 50 ſeconds of a de- 


gree weſt ward every year, contrary to the Sun's 
annual progreſſive motion. 

When the Sun arrives at the ſame “ Equinoctial 
or Solſtitial point, he finiſhes what we call the 
Tropical Tear; which, by obſervation, is found to 
contain 365 days 5 hours 48 minutes 57 ſeconds: 
and when he arrives at the ſame fixed Star again, 
as ſeen from the Earth, he completes the Sygdereal 
Year, which contains 365 days 6 hours 9 minutes 
144 ſeconds. The Sydereal Year is therefore 20 
minutes 172 ſeconds longer than the Solar or Tro— 
pical Year, and 9 minutes 1445 ſeconds longer than 
the Julian or Civil year, which we ſtate at 365 days 


6 hours; ſo that the Civil year is almoſt a mean 


betwixt the Sydereal and Tropical. 

247. As the Sun deſcribes the whole Ecliptie, 
or 360 degrees, in a Tropical year, he moves 
59" 8” of a degree every day at a mean rate; and 
conſequently 50” of a degree in 20 minutes 173 
ſeconds of time: therefore he will arrive at the 
ſame Equinox or Solſtice when he is 50“ of a 
degree ſhort of the ſame Star or fixed point in 
the Heavens from which he ſet out in the year before. 
So that with reſpect to the fixed Stars, the Sun and 
Equinoctial points fall back (as it were) 30 degrees 
in 2160 years, which will make the Stars appear 
to have gone 30 deg. forward, with reſpect to the 
Signs of the Ecliptic in that time: for the ſame 
Signs always keep in the ſame points of the Eclip- 
tic, without regard to the Conſtellations. 

To explain this by a Figure, let the Sun be in 
Conjunction with a fixed Star at 8, ſuppoſe in the 
zoth degree of , an the 21ſt day of May, 1756. 
Then making 2160 revoiutions through the Eclip- 


*The two oppoſite points in which the Ecliptic croſſes the 
Equinoctial, are called the Equinoctial points: and the two 
points where the Ecliptic touches the "Tropics (which are 
lixewiſe oppoſite, and ge degrees from the former) are calle 
be Solſtitial pointse | 

- tie 
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12 TA BLE fſhewing the Preceſſion of the Equinetial Points 171 th 
Heavens, 6:th in Motion and Time; and the Anticipation of thy 
| F.quinoxes on the Farth, 
5 Preceſſion of the Equinoctial Points 
in the Heavens. | Anticipation of 
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1009] % 13 5 20] 14:- 2 11+ 40 7 16 186 o 
2000] © 27 46 40 28 4 33. 20. ] 16: 8 20 8 
3000| 1 11 40 9 42 1 0 4-23 0.-:30---0 
4ooor 25 33 .20] 56 8 49 40 | 30 10 40 0 
50000 2 9 26 40 70 10 58 20 | 38 8 co of 
0000['2 23 20 of 84. 13 io 6 0 0 
% 3 7 1 20 9080 1 „ 40 1] 563 179 10 © 
| sooo 3 21 6 4012 17 33 2081 0 20 0 
| ' r s cas 19 45 f 1 30 5 
10000] 4 18 53. 201140 21 56 40 70 17 40 < 
| 20000] 0 7 40 cast 19 53 20 [53 11 20 0 
260202 0 0 3665 6 nn 46: - 0 
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tic VMA, at the end of fo many Sydereal years, 
he will be found again at 8: but at the end of ſo 


many Julian years, he will be found at M, ſhort of 


S, and at the end of ſo many Tropical years, he 
will be found ſhort of M, in the goth deg. of Tau- 
rus at T, which has receded back from S to T in 
that time, by the preceſſion of the Equinoctial 
points Y Aries and = Libra, The arc ST will 
be equal to the amount of the preceſſion of the 
Equinox in 2160 years at the rate of 50” of a de- 
gree, or 20 min. 174 ſec. of time annually: this, 
in ſo many years, makes 30 days 10 hours: which 
is the difference between 2160 Sydereal and Tro- 
pical years. And the Arc MT will be equal to 
the {pace moved through by the Sun in 2160 times 
11 min. 3 ſec. or 16 days 13 hours 48 minutes, 
which is the difference between 2160 Julian and 
Tropical years. 

248. From the ſhifting of the Equinoctial points, 
and with them all the Signs of the Ecliptic, it fol- 
lows that thoſe Stars which in the infancy of Aſtro- 
nomy were in Aries are now got into Taurus; thoſe 
of Taurus into Gemini, &c. Hence likewiſe it is, 
that the Stars which roſe or ſet at any particular 
ſeaſon of the year, in the times of HEs1op, Eu- 
DOXUS, VIRGIL, PLINY, &c. by no means anſwer 
at this time to their deſcriptions. The preceding 
Table ſhews the quantity of this ſhifting both m 
the Heavens and on the Earth, for any number of 
years to 25,920; Which completes the grand celel- 
tial period : within which any number and its quan- 
tity is eaſily found, as in the following example, 
for 5763 years; which at the Autumnal Equinox, 
A. D. 1755, is thought to be the age of the world. 
So that with regard to the fixed Stars, the Equi. 
noctial points in the Heavens, have receded 
2* 20? 2' 30“ ſince the creation; which is as much 


as the Sun moves in 814 fh om 52% And fince | 


that time, or in 5763 years, the Equinoxes with 


us | 
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us have fallen back 44d f 21m 98; hence, reckon- 
ing from the time of the Julian Equinox, A. D. 
1750, viz. Sept. 11th, it appears that the Autum- 


nal Equinox at the creation was on the 25th of 
October, 


_ — —— 
* 


© JProcetion of the tquinoctial Points, "Anticipation ot 
in the Heavens. the F quinoxes 
ſulian— — on the Earth. 
years. Motion | Time, 

% „ *10. H. „ e H. MS; 

| £0003: 9 8 400 10 58 208 8 50 0 
700 O0 9 43 20] g 20 44 10 5 1 
/ ..17 3060-22: ..3 11 
j G9 3 © JS 0-99 : 
2631 2. 20 2 3081 ĩ „w 0 521144 3 221 9 


249. The anticipation of the Equinoxes, and The er- 
conſequently of the Seaſons, 1s by no means owing — 
to the preceſſion of the Equinoctial and Solſtitial and Seaſons. 
points in the Heavens (which can only affect the 
apparent motions, places and declinations of the 
fixed Stars), but to the difference between the Civil 
and Solar year, which is 11 minutes 3 ſeconds; 
the Civil year containing 365 days 6 hours, and 
the Solar year 365 days 5 hours 46 minutes 57 
ſeconds. The next followiug Table, page 159, 
ſhews the length, and conſequently the diiterence 
of any number of Sydereal, Civil, and Solar years 
from 1 to 10,002, 


250. The above 11 minutes 3 ſcconds, by which The reaſon 


the Civil or Julian year exceeds the Solar, amounts tb. 7. 
to 11 days in 1433 years: and ſo much our ſea- 

ſons have fallen back with reſpect to the days of 

the months, ſince the time of the Nicene Council 

in 4. D. 325, and therefore, in order to bring back 

all the Faſts and Feſtivals to the days then ſettled, 


it 


B ² ⅛¹1 ISS. ˙ 
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it was requiſite to ſuppreſs 11 nominal days. And 
that the ſame ſeaſons might be kept to the ſame 
times of the year for the future, to leave out the 
Biſſextile day in February at the end of every cen- 
tury of years where the ſignificant figures are not 
diviſible by 4 ; reckoning them only common years, 


as the 17th, 18th, and 19th centuries, viz. the 


The Preceſ- 


aon of the 
Fquinoctial 
Points. 


years 1702, 1800, 1900, &c. becauſe a day inter- 
calated every fourth year was too much, and re- 
taining the Biſſextile-· day at the end of thoſe Centu- 
Ties of years which are diviſible by 4, as the 16th, 
20th, and 24th, Centuries; viz. the years 1600, 
2000, 2400, &c. Otherwiſe, in length of time, the 
ſeaſons would be quite reverſed with regard to the 
months of the year; though it would have required 
near 23,783 years to have brought about ſuch a 
total change. If the Earth had made exactly 3654 
diurnal rotations on its Axis, while it revolved 
from any Equinottial or Solſtitial point to the fame 
again, the Civil and Solar years would always haye 
kept pace together, and the Style would never 
have required any alteration. j 


251. Having already mentioned the cauſe of the 
Preceſſion of the Equinoctial points in the Heavens, 
$ 246, which occaſions a flow deviation of the 
Earth's axis from its paralleliſm, and thereby a 
change of the declination of the Stars from the 
Equator, together with a flow apparent motion of 
the Stars forward with reſpect to the Signs of the 
Ecliptic, we ſhall now explain the Phenomena by 
a Diagram. = 

Let NZSVL be the Earth, SONA its Axis pro- 
duced to the ſtarry Heavens, and terminating in 4, 
the preſent north Pole of the Heavens, which 18 
vertical to N the north Pole of the Earth. Let 
EO be the Equator, 7 g Z the Tropic of Cancer, 
and VT yz the Tropic of Capricorn: YOZ the 


Ecliptic, and BO its Axis, both which n,, 
able 


tail o. 
be de 
back: 
towar 
time: 
will | 
which 
althor 
Zenitl 


When th 
terreſtri: 
equal. 
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able among the Stars. But, as * the Equinoctial 
points recede in the Ecliptic, the Earth's Axis 
SON is in motion upon the Earth's center O, in 
ſuch a manner, as to deſcribe the double Cone 
Non and SOs, round the Axis of the Ecliptic BO, 
in the time that the Equinoctial points move 
quite round the Ecliptic, which is 25, 9 20 years; 
and in that length of time the north Pole of the 
Earth's Axis produced, deſcribes the Circle 
ABC DA in the ſtarry Heavens, round the Pole 
of the Ecliptic, which keeps immoveable in the 
center of that Circle. The Earth's Axis being 235 
degrees inclined to the Axis of the Ecliptic, the 
Circle ABCD A, deſcribed by the north Pole of 
the Earth's Axis produced to 4, is 47 degrees in 
diameter, or double the inclination of the Earth's 
Axis. In conſequence of this motion, the point 4, 
which at preſent is the north Pole of the Heavens, 
and near to a ſtar of the ſecond magnitude in the 


tail of the conſtellation called the Little Bear, muſt 


be deſerted by the Earth's Axis; which moving 
backward a degree every 72 years, will be directed 
toward the Star or point 5 in 6480 years from this 
time: and in twice that time, or 12,960 years, it 
will be directed toward the Star or Point C; 
which will then be the north Pole of the Heavens, 
although it is at preſent 84 degrees ſouth of the 
Zenith of London L. The preſent poſition of the 
Equator E O, will then be changed into eOg, 
the Tropic of Cancer T S Z into Vt S, and the 
Tropic of Capricorn / T v3 into f v5 Z; as is evi- 
dent by the Figure; and the Sun, when in that 
part of the Heavens where he is now over the 


* The Equinoctial Circle interſects the Ecliptic in two op- 
polite points; namely, the firlt points of the figns Aries aud 
Libra: They are called the Equinoctial Points, becauſe 
when the Sun is in either of them, he is directly over the 
terreſtrial Equator ; and then the days and nights are 
equal, 


a 


earthly 
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earthly Tropic of Capricorn, and makes the ſhorteſt 
days and longeſt nights in the Northern Hemi- 
ſphere, will then be over the earthly Tropic of 
Cancer, and make the days longeſt and nights 
ſhorteſt. And it will require 12,960 years more, 
or 25,920 from the preſent time, to bring the 
north Pole N quite round, ſo as to be directed 
toward that point of the Heavens which 1s vertical 
to it at preſent. And then, and not till then, the 


ſame Stars, which at preſent deſcribe the Equator, 
Tropics, and Polar Circles, &c. by the Earth's 
diurnal motion, will deſcribe them over again. 


— 
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A TABLE ſpewing the Time contained in any number Sdertal, Julian, 
and Solar Tears, from 1 to 10000. 


Sydereal Years. Julian Years. | >olar Years. 

ears. Days, | H. | M. ou Days. | H. || Days. H. M. 5s. 
i} 365] 6] 9142 365] 6 365] 51] 48| 57 
2 730] 12 | 18 | 29 7301 12 730] 11 | 37 | 54 
3 1095] 18 | 27 | 437 1095018 1095 17 | 26 | 51 
4 1461] 3658 14611 © 1460] 23 | 15 | 48 ] 
5 1826] 646122 1826] 6 1826] lÄñF̃ 445 
6 2191 ts 5 27. 2191] 12 2191] 10 | 53 | 42 
7 2556] 19 | 65 | 413 2556] 18 2556] 16 | 42 | 39 
8 2922] 113 56 292240 2921] 22 | 31 | 36 
of 3297] 7 | 23 | 192} 3237] 6 3257] 420 33 
10 3652133225 365212 3652 10 9 | 30 
zo 7305 3 4 50 7305 of 7304 209 0 
30 10957] 16 | 27 | 15 10957] 12 10957] 6 | 28 | 3o 
40 146100 6 9g | 40 14610] © 14609] 16 | 38 | © 
col 18262] 19 | 42 | 5 18202] 12 18262] 2|47 | © 
bot 21915 9 | 14 | 30 21915] 6 [21914 1257 „ 
700 25507} 224655 | 25567] 12 25866 23 6 | 30 
80 29220] 12 | 19 | 20 29220 © 29219] 9| 16] 0 
907--- .32679]-. 1 en Tac h 32872] 12 32871] 19 | 25 | 30 
oof 36525 15 | 24 | 10 30525 36524 5 | 35 | 
200] 73ogi] 6 | 48 | 20 73050 730480 11 | 10 

300 109570] 22 | 12 | 30 109575 109572] 16 45 | 
4000 146102| 13 | 36 | 40 146100] [ 1406096} 22 | 20 

goo] 182628] 5 | o | co || 182625 |- 182021] 3 | 55 

bool 2191531 20 25 219150 i 219145] 9 | 30 

700] 255679] 11 | 49 | 10 || 255075] 255069] 181 5 

800 292205| 3 | 13 | 20 292200 : 292193] 20 | 40 

goo} 228730] 183730 [ 328725 3287180 2 | 15 | 

loo] 365250] 10-| 1 | 4o || 365250 305242] 7 50 

2000] 73051-] 20 | 320 730500} 730434] 15 | 40 

ooo] 1095760 Of 5 | 1095750 1995720] 23 | 30 | 

500] 140102 5 16 6] 40 146 1000 1460909] 7 | 20 

oo 126282 2 3 | 20 j| 1826250 1920211] 15 | 10. 

009 2191535 12 | 10 | 2191500 2191453] 23 | © 

29] 2559794] 22 | 11 | 42 | 2556750 2556096] 650 

0 295959 8 | 13 | 20 || 2922000 2921938] 14 | 40 

70 3287037 18 ; I | 3287250 3207180 22 |] 3O 

9 3652504] 416 149 3052500 3052423] 6 1] 20 | 
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160 Tables of the Sun's 


| ATA 5 LE ſhewing the Sun's true Place, and diſtance from it 
| = Apogee, for the ſecond Year after Leap- year. 

| | January. February. March. f April. | 
| J Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's 
[| Place. | Anom. Place. Anom. Place. | Anom. ] Place. | Anom. 

D. M. D. M. D. M. D. M. D. NI. O. M. (O. M. D. M. 

— h — | ——ů— — 

11123 © 2112&56| 7 4171008 2117579 3 
, 1018: aliz $019 -- 4 

373 25] © 4j14 58] 7 613 1008 413 5519 5 

4411 27 © 515 5867 714 1008 5/4 5419 © 

cirs 6 66s 69]. 7 dis 1e 8 Gs 59 7 

| 6116 29 6 7118 oo| 7 9116 r 

7117 3006 8/19 or] 7 10/½% 1008 8072 519 © 

8118 31] 6 920 oil] 7 11118 108 918 49g] 9g 9 

1919 32] © 1oſ2x o2| 7 1219 og & 10019 4809 10 

j10]20 34] 6 11122 03] 7 13j20 og] 8 11/20 4790 11 

11021 35] 6 1273 03| 7 14021 og| 8 12021 4609 12 

12422 3606 13124 04 7 15/22 ©9]-8 13022 44] 9. 13 

133 37 6 14025 467 1623 098 14123 43] 9 14 

14424 38] 6 15⁰26 06 7 17j24 0868 15/24 429 15 
J15j25 39] 6 16/27 ob| 7 18]25 0808 16ſ25 400 160 

16126 40 6 1728 o6| 7 19/26 o8| 8 17/26 29) 9 17 

[17127 42 6 18029 07% 7 20027 O7| 8 1827 38 9 18 

18028 43] © 1906 // 7 21/28 o7] 8 1928 360 9 19 

19029 44 6 200 x 0% 7 22029 o 8 20039 35 9 20 

20/8 45 6 2 2 0867 23% oof 8 208 339 2 

21] 1 46 6 22] 3 0807 24 I os| 8 221 32] 9 22 

22] 2 47] ©. 23] 4 o8| 7 25 2 og] 8 23] 2 301 9. 23 

123] 3 43] 6 245 og| 7 260 3 oa 8 2403 2519 24 

241 4 49) 6 25] 6 097 27]4 038 25/4 279 25 

2515 5446 267 og 7 28|5 038 2005 2519 2 

260 6 61] 6 280 8 o9| 7 29] 6 oa 8 271] 6 2349 27 

27 7 52 6 299 100 8 7 ol] 8 27 211 9 28 

28] 8 53 7 cjt10 10] 8 18 oo| 298 209 29 
„„ 9 ool g of 9 180 © 

[13<|:0 641-7 2 9-..59ol 9 - X10 1010 

al gl7 a i ho we 4 5 


*o lpia 
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Place and Anomaly. 


TABLE ſhewing the Sun's true place, and diſtance from its 
Apogee, for the ſecond Year after Leap- year. 


| May. 
>| Sun's | Sun's 
| Place. [Anom. 

D. M.] S. D. 
111814410 2 
na 240-4 
3/113 1001o0 4 
4114 oro 5 
615 Objto 6 
6116 0400 7 
7117 Otto 8 
8 18 ooſto 9 
98 5880 10 
10 19 56010 11 
11/20 54410 12 
12/21 $2j10 12 
13/22 49j10 13 
1423 47/10 14 
[524 45j10 15% 
1625 43/10 16 
17126 41/0 17 
1827 380⁰10 18 
1928 236j10 19 
2029 34/0 20 
21H 31/10 21 
22 1 29110 22 
23 2 26010 23 
243 24-0 24 
5 4 22110 25 
26 5s 19·0 os 
716 19120 27 
28 7 14|10 28 
20 8 12jr0 29] 
50 9 oghit © 
31110 0617 1! 


June, | July. Auguſt. 
Sun's | Sun's | Sun's Sun's | Sun's | Sun's | 
place. Anom. | Place. Anom. Place. Anom. 
D. M . D. D. M. . 1 D. M. 8. D. 
1 HOAI 2 98420 of g9Ai8| i o 
nn eee 10” ere 
a er nr 371 © ener er 
[2 CONT 12 2347 ©" 83 -+ 41} i. 2 
14 - $3] 1:: diz 31 0 4173 || 4 
JJ rs a © 66 ON 1-7 
16 48] 7s 250 OGfts og 2 6 
r 46111 Yro 23 0 N06 on r- - 1 
18 43/1 97 200% 8016 588 1 8 
19 4001 10118 170 957 36 9 
20 38|1r 11019 14] © ro|is 54] 1. 10 
21 '3c|11 1220 12] © 11/9 510 1 10 
22 32] 13] 21 og © 1220 49 1 11 
23 30 ff 1422 06f © 1% 47] 1 12 
24 % 031 © 14422-4441. 138 
25 24011 16124 Of o 15/23 42] 1 14 
26 21|it 17124 5 0 924 40] I 15 
27 19]11 18025 55] o 17/25 380 1 16 
28 161 * 0 3 0 1898 36117 
29 13jtr 20 % 50 © 1927 3 1 18 
8 Tot: 21128 47 2 19,28 31] I 19 
1 obSjrr 22029 44] © 20029 29] 1 20 
2 Ott 2J% 420 0 21jW 27] 1 21 
3. att 24 t :39l © 22] x 25} 1 22 
3 . 'coitt 251 dee 2 3 2J]\.x 23 
4 $6[ct 26] 3 341.0241 3 21} 24 
5 $53j!r 274+ 31 25 4 19 1 25 
6 -ceeitr- 237-46 e £2971 20 
7 48|12 2806 26000 276 150 1 27 
t 0 2 27 1 28 

5 8 211 0 2018 11. 29 
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22 FABLE ſhewing the Sun's true place, and diſtance trom 75 


Apogee, for the ſecond Year after Leap-Year. 

Y September. | October, November. | December. 
&| Sun's \ Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's 
= | Place. Anom. Place. Anom. Place. [Anom. Place. Anon, 

D. M.] S. D. D. M.] S. . D. M.}s. D. D. N. 8. L. 
[ rg 2 0 8 2228 2 20] oM 171 4 O 9134 5 2 
aii 2-11-9230 , . 2398-1 
ltr e i int e en en 
ii e nr e -- -Yt2 18 4 3012 1 
5113 022 4j12 25/3 25 180 4 = 38 5 4 
64 oo| 2 5013 243 4114 180 4 5½4 30% «x 
714 502 Ojt4 233 815 19] 4 O15. 405 6 
Blie $74 ii ei Orv x9] 4 7;16 45 7 
9116 55} 2 801 223 717 194 8 17 42] 5 8 
oſt 5.5 917 213 td a+ ob 45 
11018 8521 2 91˙8 211 3 919 20 4 10.19 4445 15 
r tg 31 2 100 20 3 10% 21] 4: 120 45] 5 1 

20 49] 2 11129 201 3 1121 22] 4 1221 4005 12 
1421 48 2 12421 2 3 12122 23 4 13122 47 5 13 
15022 40 2 13122 19 3 13ʃ23 22} 4 * 40 5 14 
— — ——— — j —ͥ ͤ — — 

| < 
r0123..-451:* 24/93. 1H. 3 leg 231 4. 1524: $015.15 
17124 44 2 13024 ny 3 15128 231} 4 :19/25-- $310 18 
6125 42} 2-.16'25-.. 19]. 3 10126-2414 19/20. 5 
126 41) 2 17:20 18.3 17127. 25] 4 18027 53 5 19 
20127 40j 2 2847 18 3 18 8 250 4 1928 54/5 20 
. — . 2Uü᷑— — 

| | 3 
2128 30 2. 1928 173 199 26 4 2029 556 5 21 
22429 371 2. 20129 17] 3. 2007 27] 4 21 56/5 22 
23% 36] 2 2iſm 1773 21] 1 27] 4 22 1 38 5 23 
4 1 352 22 1/3 22/2 280 4 232 59 5 24 
251-2. 34 2 23} 2 173 23] 3 29] 4 24 4 0 5 2; 
ET W 
63 3302 24/3 17 FTC 
2714 oh 2 251-4 17 3 451-8 4 20 6 5 
280 5 31 2 200 5 1713 2006 3114 27]7 03| 5 28 
20 6 30% % 2516 1713 277 324 2808 5 5 29 
30 7 29 2 2817 2 3 288 3344 29] 9 ob t | 
; . — : TR | — 
1 E 171 3 29 10 o7| 6-1. 
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Shewing what Time it ought to be by the CL OCE 
when the SUN'S Center is on the Meridian. 
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Equation Tables. 


A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 


he Biffextile, or Leap-Year, 


— 


== | >| 


Lee 
18 


n 
Wo 


= January. February. | March. | April. 
— — — — 
7 H. M. 8. H. MI. 8. [ti. M. s. ei. NM. 8. 
XII 4 o [XII 14 3 [XII 12-30 XII 3 42 
2 4 30 14 10 1 3 24 
3 4 58 14 17 1 4 3 
4 © 8 1 28 13-86 2 48 
5 „ 11 33 3 
6 XU 6 19 JXIL 14 31 [XII 11 2 [X0- 2 13 
7 6 45 14 44 1 13 
8 7 10 14 37 10 50 1 
9 - 14 38 10 34 he 
10 8 0 14 39 10 18 12 4 
riIKII 8 24 [XII 14 30 XII 10 2 XII o 48 
12 „ 9 45 O 32 
13 9g 10 14 37 9 28 1 
14 9 32 14 35 1 3 
. 14 32 8 $4 N 59 47 
e XII 10 14 [XII 14 28 XII 8 36 XI 59 32 
17 10 34 11 +86 8 18 59 18 
18 10 53 14 19 1 30 4 
19 It 13 14 13 7 42 63 51 
9 It 30 14 7 7 $0 30] 
210XII 11 47 [Xl 14 ofxil 5 6|X1 58 26 
122 12 3 1 6 47 58 14 
23 13 13 44 6 29 ", 
24 12 34 13 35 6 10 37 581 
25 12 48 13 26 5 52 57 41 
20XII 13. n nr, 185-09 40 
27 13 13 13 8 327 57 2 
28 1 1 4 4 $0 67 1 
29 13 30 12 42 4 37 57 4 
3 . 4 19 $0 55 
150 13 $4} f Fe = + © 


Equation Tables. 165 

A TABLE ſhewing what Time it-ought to be by the | 
Clock when the Sun's Center is on the Meridian. 
2 The Biſſextile, or Leap-Year. 
May. | June. July. Augult 

TM. $14. M EK M AM M6 
IXI 56 48 [XI 57 30 xl 3 29 5 1 
2 56 41 57 40 3 40 5 47 
3 50 34 57 49 3 5 42 
V 4 2 5 36 
5 56 23 58 10 4 12 5 30 
6IXT--- 66 18 1X 68 ' 20 JSM 4 22-11 5. 23 
7 50 14 £9. -34 4 31 5 16 
8 56 10 53 42 4 40 $2 
1 58 54 4 49 $.-. 0 
M93 59 © 4 57 4 $1 
i 56 3 [XL 50 38 [JAIL 56. 6 [XIE 4 4 
12 "0-1 59 30 8 13 4. 31 
13 $0 .--© 59 42 5 20 4 21 
14] 56 0 59 55 5 26 4 10 
16 56 or [XII o 5 32 3 58 
[XI 56 2 II o 20 [XII 5 38 [XII 5 46 | 
1 33 5 43 3 33 
18 56 6 o 46 5 48 3 | 
19 56 9 oO $59 8 3 7 
20 1 12 1 13 8 6 2 52 
21[XL- 56 16 XXII 1 26 [XII 5 59 [XII 2 38 
22 $56 20 1 3 2 23 
356 25 1 $2 983 3 3 
24 56 31 3 D- 4 1 62 
„ $00 6: 4 7 36 
26/Xk 56 43 [XII 2 30 XII „ 1 18 
27 56 50 e | as 
28 56 67 2 4 86 o 44 
29 33 1 3 | oO 26 
5 3.10 Wo 0. 8 
Ma eco 
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Equation 


Tables. 


A T A B L E — what Tithe it Sucht to be by he! 
Clock when the Sun's Center | is on the Meridian. 


The Biſſextiſc, or Leap-Year. 


— 


= September. | October. | November. | December. 
SiH; M. $14; NM. $8.48. M. 8. H. . 8 
IXI 59 30 XI 49 22 [XI 43 45 [XI 49 43 
2 59 11 49 3 43 45 $0: -3 
3 58 52 48 45 43 45 50 31 
4 58 32 48 27 43 47 50 56 
5 58 12 43 9 43 49 31 84 
6]XI 57 52 | XI 47 52 [XI 43 53 XI 51 47 
7 57 32 47 36 43 57 52 13 
8 57 12 47 19 44 2 52 40 
9 50 51 47 4 44 8 53 8 
10 56 30 46 48 44 14 53 35 
tx| XI 56 20 I 40 ::33 | AL - 44 22 XI 54 3 
12 55 49 40 19 44 30 54 32 
13 3 86 44 40 55 91 
14 55 45 52 44 50 55 30 
15 54 4b W 45-02 38 
XI „ I 46 28:1 Al 45 23 1X1 50 29 
17 54 45 16 45 25 50 59 
18 53 44 45 6 45 39 57 29 
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Equation Tables. 167 


A TABLE ſhewing what Lime it ought to be by the 
Clock when the Sun's Center is on the Meridian. | 
5 The firſt Year after Leap-Year. 

January. J Februray. March. Apill, 

a. M. 8. H. M. 8. Hl. N. S. fr. N. 8. 

IXI 4 23 XII 14 9 X11 12 331 Tu 3 47 

2 4 51 14 16 12 101 3 

3 3 10 14 21 8 | 3 

44 9 46 14 27 11 64 3: 4 

5 3 14 31 11 40 36 

6| XII 6 39 | Xl 14 34 [XII 11 25 XII 2 17 

7 1 14 37 11 18 * 8 

8 7 30 14 29 10 55 1 43 

9 3 14 4 10 39 1 25 

10 8 18 14 40 18 3 

// c IH=0-23 

12 9 4 14 38 9 509 o 36 

13 g 26 14 36 9 33 © 20 

14 9 48 14 33 „2 10 9 

15 18 . 14 8 38 50 80 

16 XII 10 29 XII 14 26 XII 8 41 I 59 35 

17 10 48 14 20 8 23 89 21 

18 8 14 15 98 -$ 598 7 

19 11 25 14 9 7 47 588 54 

20 4 1 7 2 CS. a1 

21 XII 11 59 XII 13 54 XII 7 10 XI 98 28 

22 [2-18 13 46 © 2 88 16 

23 1 13 6 33 38 4 

24 12 44 13 28 8 15 57 3 
425 12 58 13 18 q 50 3 

N TIER e DIES FT 
261 XII 13 10 XII 13 8 XII 5 3E | 57 32 

27 13 22 a. 87. 5 194 87 23 

28 11 12 45 5 f 87 1 
29 13 43 4 42 . 1 
30 2 4 23 30 57 | 
ee — — — — — 

al 4 4 i 4d $1 e | 


168 Equation Tables, 
A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
= The firſt Year after Leap-Year. 
Muay. | June. | July. Auguſt. 
A | 6 
Im M. 8. H. M. 8. „% „ „ , Mo- 04 
1 XI 56 49 | XI 55 27 XII 3 26 XII 5 52 
2 50 42 57 36 3 37 5 48 
3 50 35 57 40 3 48 5 43 
4 $6" 29.1: $7 $6 3 88 5 38 
5 56 24 58 6 4 9 532 
FEI co 10 | XT: 58:19. | XL eee 25 
7 50 14 58 27 & 39 8 1 
8 56 11 58 38 4 58 10 
0 = 58 50 4 46 5 2 
10 3 3 59 2 4 55 4 53 
14 XI- 602 een , e 
12 co 1 59 26 $230 4 34 
13 56 8 59 38 8 4 24 
I 4 50 © 59 50 5 24 4 13 
15 $6” nee e ee eee eie 
16 XI 56 1 XII o 16 XII 5 36 XII 3 49 
17 1 o 29 1 3 3} 
18 56 4 o 42 5 46 3 24 
19 $0. 7 o 55 $...50 3.40 
20 c6 10 "BS £04 2 56 
21} XI 56 13 [XIE 3 2 [XI es 69 AI a 42 
22] 56 17 1 8 0 2 27 
23 56 22 3-87 0-4 % 33 
24 56 28 | 4” 0 8 3 1 56 
25 56 33 2 13 6 4 1 40 
26] XII 56 4o XII 2 25 XII 6 4 XII 1 23 
27 566 47 2. 38 VVV 
28 50 54 2 50 8 3 o 49 
29 57 02 3 83 8 0 31 
30 87 10 3 14 8 39 „ 
3a] 2 18 | | 3 | XI 59 5 
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Equation Tables, 169 


la TABLE ſhewing what time it ought to be by the 
Clock when the Sun's Center is on the Meridian. pe 


The firſt Year after Leap-Year. 8288 
September. October, Noyember. | December. 
2 — - — — 

IE HM. 8. H. M. n, , WI 
X 59 35% XI 49 28|XI 43 % 42 38 
2 59 17 49 9 43 46 50 Or | 
3] 53 58 48 51 43 47 50 25 | 
4 58 38 48 33 43 48 5 
5 58 18 e 
6 XI 57 58 XI 47 58 XI 43 53 XI 51 47 
7 57 38 47 41 43 57 3 
8 „ "$F---20 47 24 44 - 3] 52 34 
g 50 57 47 8 44 7 $3 0 
10 56 37 46 53 44 13 53 28 


„ oye 
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170 Equation Tables. 


. | IN | 
tA TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center 1s on the Meridian. 
Ihe ſecond Year after Leap- Lear. . 
2 January. February. March. April. 
An. M. H. M. 8. n. M. 8. H. M. 8. 
Ti XII 4 15 XI 14 6 XU 1 35 XII 3 5% 
12 4 43 14 13 14 2 3 32 
12 33 14 19 $3 2 8 14 
14 3 1 14 24 11 £6 2 56 
|- Bone: 14 29 11 42 3 
| 6] XII 6 31 XII 14 32 XII 1 XII 2 20 
12 6 57 14 35 3-29 3 3 
8 - 14-37 10 58 1 480 
9 7 47 14 39 10 42 1 29 
10 8 12 14 39 10 26 1 
x] XII 8 35 | XII 14 39 XII 10 1% XII © 56 
12 8 5 14 38 9 $4 o 40 
13 9 21 14 30 9 37 oO 24 
14 9 43 14 34 9 20 9 
15 10 4 14 31 9 3] XI 59 54 
16 XII 10 24 XII 14 27 XII 8 45 | XI 59 39 
17 10 4 14 23} 8 2 59 25 
118 1 14 17 8 10 59 11 
19 11 38] 14 11 1 58 59 
20 11 391 4 4 7 34 58 45 
210 XII 11 56 XII 13 57 [XII 7 15 [XI 58 32 
22 12 1 13 49 8 17 58 20 
23 12 27 13 40 6 38 58 8 
24 1 tt 13 8 6 20 57 30 
[25 3 13 21 1 1 
26] XII 13 7 i 10 | AH: 5 42 XI 57 35 
1 1 1 5 24 57 25 
28 13 80 48 3 CY 0s 
29 13 40 4 46 $23. 
30 13 50 4 56 98 
HE" 3 
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Eguation Tables. 171 
8 Wee Taſte 
A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
0 | The Second Year after Leap-Year., g 
= May. | June. July. | Auguſt, | 
— a — - 8 
H. M. 8. H. M. 8. H. M. 8. H. M. 8. 
XI 56 50 [XI 57 24 [ XII 3 22 XII 5 53 
2 50 43 57 33 3 WI 8 49] 
3 56 3 57 42 3 44 5 44 
4 50 30 57 52 3 55 5 39 
5 50 24 38 3 4 5 $38] 
6| XI 56 19| XI 58 13 XII 4 16 XI 5 27 
- 56 15 58 24 4. 26 5 201 
8 50 11 58 35 4 35 5 13 
9 56 7 58 47 4 44 3 
386 58 58 59 4 53 4 50, 
Irs) XI 56% 3 5 li XII 5 or ID 4 48} 
12 50 „ 0 3 +. 38 
13 co © 59 37 $08 4 27 
— $90 59 48 5 23 4-13; 
15 36 MAH 0 5 30 1 
16 XI 56 ; 4 XII © 4 XI 5:30. ] Al. 3 53 
17 . 9 8 4 3 
18 1 O 40 5 46 3 28 
19 $9.7 © 53 5 50 3 35 
20 56 10 1 | 5 54 3 
21] XI 56 13 XII 1 X11 5 37 XI 2 46 
22 56 17 1 65 8 2 3 
23 56 22 1 44 6 7 2 16 
24 56 27 1 8 „ 
2 56 32 2 10 6 45 I 44 
26 XI 56 38 XII 2 22 XII 6 4|Xil 1 27 
27 50 435 2 34 83 3 I 5 
28 56 42 2 46 3 9. 52 
29 56 59 + G 0:36 1 
30 3 3 ide 8 39 9 IF 
[31 52 1 WE 6: <1 X[- cg 0, 
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172 Equation Tables, 
[A TAB LE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 
2 The ſecond Year after Leap-Year. ; 
September. October. Nove ber. j December. 
S - — 
8H. M. 8. H. M. 8. H. M. S. H. M. 8. 
i| XI 59 40 XI 40 32 (XI 43 46 XI 49 32 
12 599 21 49 14 43 46 49 56 
3 59 2 48 55 43 4 50 20 
| 4 58 43 48 37 43 48 50 44 
5 58 23 48 20 43 50 51 9 
6 * 58 4 XI 48 3 XI 43 53 XI gr 35 
7 57 44 47 46 43 57 52 1 
8 57 23 47 29 44 1 52 28 
9 88 47 14 44 7 52 55 
to 56 43 46 58 44 13 53 23 
11] XI 56 22 XI 46 43 [XI 44 20 XL 53 51 
12 6 44 28 54 19. 
13 55 41 49 15 44 37 54 48 
4 16 „ 44 47 85 17 
15 54 59 45 48 44 57 55 46 
16 XI 54 33] M 46: 36 XI 46 - 81 XI 66 xe þ 
17 54 17 45 24 45 20 56 45 
18 53 56 45 13 45 33 57 14 
19] 83 35 45 2 45 47 57 44 
20 $3. 14 44.53] 4: # 58 14 
211 XI 52 53 XI 44 42 | XI 46 175 [XI 58 44 
22 52 32 44 34 | 46 33 59 14] 
3 3 44 26 46 50 89 44 
24 1 44 18 47 1 AU e 14] 
25 51 30 44 IN 47 26] 0 44 
26] Xl 91 10 XI 44 6] Xl 47 45 XII 1 13 
27 50 50 FV 1 43 
28 50 30 43 56 48 26 3 
29 50 1 43 52 48 47 2 42 
30 49 5! 43 50 49 9 3 11 
31) Fs | 43 48 3_40 


Equation Tables. 173 


A TABLE ſhewing what Time it ought to be by the 
Clock when the Sun's Center is on the Meridian. 


2 


The third Year after Leap- Year. 


January. February. | March, April, |} 
8 . ; e OOO. 
s H. M. s.] H. M. s. H. M. Ss. H. M. 8. 
Xl 4 8 XII 14 4 [XII 12 38 XII 3 85 
2 4 36 14 11 12 25 3 36 
| 3 3 1 13 38 3.30 
4 5 32 14 23 11 59 3 ol 
5 3 11 45 2 43 

XII 6 25 | XII 14 32 XII II 31 [XII 2 78 
7 6 51 14 35 44 ED | 
8 7 17 14 37 10 1 

7 42 14 39 10 46 I 34 | 

I 8 6 14 40 10 31 1 17 
11 XII 8 30 XII 14 40 XII 10 14 111 2 
12 8 83 14 39 9 58 O 44 
13 9 10 14 37 9 4 o 29 
14 9 38 14 35 9 24 3 
15 9 59 14 37 9 7 XI 59 58 
16] XI 10 20 | XII 14 27 [XII 8 49 XI 59 43 | 
17 10 39 14 23 8 32 69 28 
18 10 58 14 17 8 14 59 14 
I 11 v7 14 11 7 $$ 0 
2 11 34 14 5 „ $40 
i XII II gi [XII 13 57 | XI 7 19 XI 58 34 
1 13 49 | 58 22 
23 $3 a9 3 8 4 58 10 | 
2 36 VHflft 0 1 
25 „„ 73643 7: 04-00-08 
26] XII 33 3 | XII 13 12 [XII 5 46 XI 57 37 | | 
[27 13 15 + $9.2 & 5 27 57 27 ; 
28 E 12 50 1 1 
2 13 37 4 50 57 8 
3 13 47 4 37 + ny. 
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Equation Tables. 


Clock when the Sun's Center is on the Meridian 


A TABLE thi wing what line it ought :0 be by the 


The third Year after Leap-Year. 


I 


SRC TURES 


May. | - June.. Þ} Ju. Augutt. 

H. M. 8. H. M. 8. H. MI. 8. H. M. s. 
e een 23 XII 3 20 XII & 54 
2 56 4 7 82 3 37 5 50 
3 50 3 57 41 3 42 5 46 
I $7.51 3 83 5 41 
5 ; 56 26 58 15 3 4 4 5 1 8 
6 XI 56 21 XI 58 12 XII 4 14 XII 5 29 
& 50 17 58 23 4 24 5 22 
2 50 13 58 34 4 34 5 15 
* 55 9 58 45 4 43 33 
o« e 41 41 
ri ei ee e Bt 
12 36 2 1 3 4 40 
r3 8 59 33 8 11 4 29 
14 56 © 59 45 5 22 4 19 
E 34 
1% 56s Ie e ne n 
17 56 2 63 8 3 43 
18 565 4 o 36 5 44 3 30 
rg] 3 © 49 6-46 3 17 
20 56 8 1 5 52 1 
2x] XI £6 1H 14 XII 5 66 | XII 2 48 
22 56 15 1 8 58 2 34 
2 co 20 1 40 1 2 
24 6 x 82 8 83 
25 co 30 2 © 6 3 14 
26 XI £6 36 XII 2 16 XII 6 3 XII 1 31 
27 56 43 p — - TELGR 1 
2 56 50 2 44 8 o 57 
299 36 57 2 5 5 o 39 
30 1 1 2 
Iz: 37_33 | * 5 57 — 
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Equation T ables. 175 


A TABLE ſhewing what Time 1t ought to be by the 
Clock when the Sun's Center is on the Meridian. 

5 The third Year after Leap-Vear. 

—| September. October. November. | December. 


i 


* H. M. 8. H. M. 8. H. M. 8. H. M. 8. N 


XI 59 45| XI 49 37 XI 43 4% XI 49 27; 


59 26 49 19 43 47 49 50 
WW: 74 49 ©! 43 47 | 
58 48 48 42 43 47 80 38 
58 28 48 24 43 499 


ann ele 


r oa | ih wn = 


1 


*,,* OBSERVE by a good Meridian Line, or 
by a Tranſit Inſtrument, properly fixed, the Mo- 
ment when the Sun's center is on the Meridian; and 
ſet the Clock to the time marked in the preceding 
Table for that Day of the Year. Then if the Clock 
goes true, it will point to the Time ſhewn in the 
Table every Day afterward at the Inſtant when it 
is Noon by the Sun, which is when his Center is 
on the Meridian.— Thus, in the firſt Year after 
Leap-Vear, on the 20th of October, when it is Noon 
by the Sun, the true equal Time by the Clock is 
only 44 minutes 49 ſeconds paſt XI; and on the 
laſt Day of December (in that Vear) it ſhould be 
3 minutes 47 ſeconds paſt XII by the Clock when 
the Sun's center is on the Meridian. 


The following Table was made from the pre- 
ceding one, and is of the common form of a Table 
of the Equation of Time, ſhewing how much a 
Clock regulated to keep mean or equal time is 
before or behind the Apparent or Solar time 
every Day of the Year. 


70 


A 
T ‚ͤ 1 
OF THE 


EQUATION os TIME, 


SHEWING 


How much a CLOCK ſhould be rasrex or 
SLOWER than the S UN, at the Noon of every 


Day in the Year, both in Leap-Years and 
Common Years. 


[7 he Aſteriſks in the Table ſhew where the Equation 
changes to Slow or Faſt. | 
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178 Equation Tables. 


AK e the Equation of Time, ſhewing how 
much a Clock ſhould be faſter or {lower than the Sun. 
every [ay of the Year, at Noon. 

Ihe Biſlestile, or Leap-Year. 5 

— Jan. | Feb. | March. April. | May. June. 

2 _ 3 . — on FOO 

7 M. S. | M. S. M. 8 | M. 8. M. 8. M. 8. 
Li — fk 

[4-33-1431 121-301-3437 3 14424 40 

2 4 530 14010 12 7 3024 | 3019 2 (*20 

3] 4858] 146106] 128 4 38 6] 3226] 251: 

44 5 725 | 14 22 | 1150 | 248 | 3932 2 1 
«Ü? ß. IT. I-30 00 

ie iin nn ö 1 40 

7] 66845 [14234 6] 1855] 3546 | 1829 

8| 7F10 | 14F37 | 10P50| 1538 | 3850 | 1818) 

9] 7-35 1 14-739] 105 34-110 27 4-47: $3-1--153:6 

1% 8 00:1 14 39 10 18 r 4 3 70 $4 

[1 3 24] 14 eee e 46 = 2 87 0" 82 

1 8 474 38 90 40% 0 32 3 59 | 0 30 

ain, ede e een, eee e 

nn re eee 

VTV 

16.10 1414. 28 8 36 o 28 3 80 at 

17 10 34] 14 24 8 18] 042 3 56] 033 

5 8 10 5314 19 8 oof o 56 3 54 0546 
19 (214 1-34 1344 5. 43 19 904. 3 61-1: Q*59 
„% 30714: 737.361 F ST. 3 40 13-2193 
817 IE: 477 e J--1- 436 3 44 | 1 26 
22] 12 3] 13 52 | 6 47 | 1846] 3 40 1839 
31 19 1-13 ,.-44 |...6 290 1457 3 364 1-582 
00-12-34 + 43; 49-15 6-0-1 PAS]: 02070058 
251 12 4813 26 JV 
26 13 I 13 16 5 33 2 29 3 2 30 
„%% ⁰ 1ʃ t 
2813 275 12. $4] 4 560 2 % 3 3 „ 
F ĩ m m 4 4:16 ̃⅛ —AÄÄ 
zo] 13 46 4 19 3 4 % 474 3:2 
Rif 13 85 { 00" 2 39 


Equation Tables. 179 


XTABLE of the Equation ot time, thewing hov 
much a Clock ſhould be faſter or ſlower than the Sun 
every Day of the Year, at Noon. 
Hef The Biflextile, or Leap- Year, _ oth 
July. Auguſt. | Sept. | October. | Nov. Dec. 
e | IT _ | 
M. 8. M. 8. M. 8. M. 8. M. 8. M. 5 
%%% // 0: 01/40 c ©2029 
2 3840] 5247 | 9C49 | 19Q57 68015 9053 
3] 3251 | 52842] 18 811815 [1651598 29 
44-4 1 5 736 128 1133 | 10 13 g = 4 
14 12 5 30 F 8 39 
/ Äͤwüũ OD TD MONT TOE ON Ws. 
"1 4.5931 5 716 2 220 128524 165 3 7847 | 
8 io b inen 7328 
F 4749 5709] 3 91250015 52 3 
„ü ß 15-40-7025 
„„ 37 15-38 5-501 
3 4 31 4-144 313 457-156-239 3 
1341 5 209 1 4 32% 13 5 5 20 rs 
td 5:20] 4' 101-4 541 14-54 rg 10] 44287 
1 5 32| 3 58] 5 1414 20] 14 59 | 4 oof 
6) 5 38] 3 46 5 35] 14 32 | 14 47 | 3 31 
"5-431 3.3375 59114 441-1434 F 3. 42 
nA $4081 3-204 $10 [14-04 1:14: 27 2 31 
1 VTFFTTTVTTCTCTCCCCTCCCCCCC 
| 20) 5 co} 2 $62} 658-1]. +5. 14 1-13-34 1 | 
| 5 % 5 #173. 191 15733 x3 3b] x3 | 
f F 21:2:234 5 4013533 Fiq-167 0: 420 
, d 2312 Joi; wut FY©0-3 
# 6:41 01 8 20715 7 12 44 7.9% 24 : 
A 0-:-.4] 1-33 1-9 41:1-15" $2 112: 25 Þ: 0:59 
nf, , 1 x 1 29 
0 W V ĩ 
8 E v 
bt S007 0 3 10” 00 ] 10: ̃ AUM 252 bf 
| 07-0 $46 1964 49-12 10-4 4" a0 
5 56 | ok 48 14 e 
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[A TABLE of the Equation of Time, ſhewing how| 


much a Clock ſhould be faſter or {tower than the Sun, 
every Day of the Year, at Noon. 

2 The firſt Year after Leap-Year, f 
jan. | Feb. | March. | April. May. | June. 
— b * | 
#|M. s. N. 8.|M. s. M. 8.|M. S.|M. s. 
ti. 4:..23 344. 9.412. ( 
2] 48511401612 020 3829] 3818] 2024 
3] 5819 14821128 7 3810 3825 2814 
4 5 * 46 14526 | 11 64 2 752 3731 2 N 4 

Is © 13] 14 31 ir 40 | 2 35] 3 230 1 
c 265-217 4-347 þ::2--43 
7 78 4] 148937 | 11510 | 2g00 | 3245 | 1533 
o 7530 | 14339 | 1055 1843 3549 | 1522 
9 7< 54 | 1440 | 195139 | 1226 3253] 1510 
%% 14 40 |10 2441-04; 3--$$ 7-0 08 
1]. 8 4114 39 110 1 23 

12] 9 44 38] 9 50 © 30| 3 
iy 9 20114 301-9 331 0 30 +4 
14] 9 48] 14 33 9 16 © 54 
$5110; 01.14 20 }-8 $8.1-0310 |4 

1:6] 10 29 | 14 26 W 
17] 10 48 | 14 20 8 239839 3 
18 „nn S864 
„ o Cl! 13 
200 11 42 14 2 75 --@ 1 19 3 
211 17 © 1-13-64 2-10 4-31-48 $43 
nal 13: 164 13-40 1-09: $2 118441 3 
23] 12 30 | 13 37 & 33 1850] 3 
24 12 44 | 13 28 6 15 1 3 
26112 58 1-13 18 5 38 1 1 #43 

-R613--180 13 -$T-3-I3FTtT--—#+3 
233 13-49. 3 T7. "$7. 4-3. 30 7-373 3 
28] 13 3312 45] 5 00 | 2 461 3 
*. 13 43 F :$h 4:3 
30} 13 $2 6:23 1-3: 34-3 

131] 14 1 Br % 5 | 2 
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every Day of the Year, at Noon. 


A TABLE of the Equation of Time, ſhewing how 
much a Clock ſhould be faſter or ſlower than the Sun, 


— 


The firſt Year after Leap-Vear. 


2 July. Auguſt. Sept. | October. | Nov. Dec. 
5 M. 8.|M. 8.|M. 8. M. s. N. s. M. s. 
1 3 26 c 62 © 24 4. 10 32 106 1410 22 
2] 3037 5048 o 43 | 19051 16014 9259 
3 3848 5843] 15 2158 916813] 95835 
4 3X58 5 38 122 | 11 27 | 1612 X10 
$8 4.9476 324 | 1-424 12: 497. 16:10 45 
6 4 19 „ 216 768 19 
7| 4328 | 5318 | 28212719 162 3| 7253 
8 4737 | 5P10| 2342122355359 7526 
9 446 | 5 2] 35 31121511553 6359 
4 55] 4 53] 3 n 7115 47] © 31 
4 44 18 3 
4 8 
4 Tos. 
4 1 42 
4 4 8 


2 


E 
SS) 


SS] 


* 
a ta 


O O 0 30 — 


— 
dd 
ty 
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Equation Tables. 


every Day of the Year, at Noon. 


[A TAB LE of the Equation of Time, ſhewing how 
much a Clock mould“ be faſter or ſlower than the Sun, 


The ſecond Year after Leap-Year, 


U— 


&|. Jan. n March. | April. 77. June. 
N. 8. N. 8. NI. 5. NM. 8. 5d. 8. Bi. 8. 
W414] 1 091133544 $04 3 164250 
21 4 043 ] 14 N13} 12 023 1 3037] ZQON jJ-2 027 
3] 5811 [14819 128 93814 3824 2 817 
44 5X38 | 1424 | 11 56 28256⁰ 3230 [288 
34 inn 3 36 1 
6 6 31 14 N 2 20 2 41 1 47 
7685714235 [rig 22 3] 35451836 
88 7222 1453710558 1840 3349 1325 
gl 72747 147 39 | 105 42 1229 3252 19813 
10 5-367 14-39 1 16: 2064 75--:212:]= 406 4515-1 
a8 36414 39 | 10 1040 66 1 3 57 8 49 
12 nn 8 0 s „3 8 37 
„ 14 36 9 7 O 24 4 00 3 
„ V ² B . Wy 
TTT 
ii $66 0 1 3 1 
171.1044 in eee 297 4: ©0354] - 4-40 o 27 
1 3 14: es 108 3 56 0040 
1901 11 2214 11 1 1-2] 3 53 o; 
i d 4:41:17 5-144 1 38 . 
)( DT 83+ 1-16 
22 12 12 13 49 © 57 1240 ]- 3 431 1232 
23] 12 2713 40] © 3818 52 3 381544 
261-13 234113 311 6. 981 $7 3 1757 
WC 181 4. 30 j- 3. © 
r 1 10 f 3 — Be 
r 3 3&1 3-238 | -#-::35 
/// ͤ ᷣWitb , ͤ 454 2:42:48 
29] 13 40 4.4%] 4 34]-3:-14: 2:58 
3 :-3Y $: 31-4: 34-3 $343 3--* 
Tia 58 | | 4 9 8 86 
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A TABLE of the Equation of Time, ſhewing how 
much a Clock ſhould be faſter or flower than the Sun, 
every Day of the Vear, at Noon. 

The ſecond Year after Leap-Vear. od 

July. Auguſt. | Sept. October. | Nov. | Dee 

— — — — — 

5M. s. N. S. M. S. M. 8. | M, 8.] M. 8. 
10 3 22 5 53 o 29 | 10 28 | 16 TY 10 28 

| 2] 3033| 5849 2n39 | 2040 | 1614 | 10H 4 

| 3] 3244] 5844] 9559 [115 $5] 16214 | 9340 

4 355 5 X39 I x17 | 11523 16212 9 16 
5 $64 5 32 1 37 14-:404-210-- 20.1.4 

6 4 164.24 e 57116 8 25 

7 4726 5820251612 > 514 16D 31725 

88 483558130 2337123305859] 7532 

9 434357 2257/1234615 333 755 

r 124 47 [0-99 

TTT 

rt. Q 4-4: 3Þ-F-3,-$41 73 31 43S 344-548 

ff) 27] 4 1913-497 15 23 f $18 

5:04 ß ], ¾— FS F314 40 

r ß of Fe Won, 

_ — — 1 — o——_ — — — — 

6 5 36 3 $3] 5 2214 2414 52 3 45 

7 5 41] 3 45 43] 14 30] 14 40 3 15 

W/ 204864414 47 +3607 +: 3-238 

I-40 3-184-088-1114 -4146+13 4-3-8 

206-5046 $i 0-40 Þ 36: , 

TEE EY v 43 1 10 

r . 4423-87 3-9 40:6: 

23 © 2] 2 16] 7 49] 1s 3413 10] 16 

241.0 1 00 4-8-9 15-43-22 $2 }.- 014 

25 „„ 444 8 305 492 34] 44 

. 50 15 N A177 TTX 

274.0 441-10 F'9 16 Fig: cd £11507 1.20469 

288 6 2 - 0 54 30 0 44 17:34 2714 

e 4 33-: 34 F.4.£46 

30 5 $9 + 0-17 % 916 4 10-14-91 

il & 56 N 1 16 12 3 40 
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A TABLE of the Equation of Time, ſhewing how 
much a Clock ſhould be faſter or {lower than the Sun. 
every Day of the Year, at Noon. 

5 The third Year after Leap-Vear. . 
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A TABLE of the Equation of Time, ſhewing how 

much a Clock ſhould be faſter or ſlower than the Sun, 
| every Day of the Year, at Noon. 

The third Year atter Leap-Vear. 22 
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Equation Tables, 


A conciſe EquaTIon TABLE, adapted to the Seconc 
Year after Leap- Year, and will be within a Minute of 
the Truth for every Year; ſhewing, to the neareſt ful! 
Minute, how much a Clock ſhould be faſter or ſlower 
than the Sun. By Mr. SMEATON, 
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This Table is near enough for regulating com- 
mon Clocks and Watches. It may be caſily copied 


by the Pen, and den doubled, may be put into 
a Pocket - book. 
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The Moon's Surface mountainous: Her Phaſes deſcrib- 
ed : Her Path, and the Paths of Jupiter's Moons 
delineated : The Proportions of the Diameters of 
their Orbits, and thoſe of Saturn's Moons, to each 
other ; and to the diameter of the Sun. 


Y looking at the moon with an ordinary PLATE 
D tcleſcope, we perceive that her ſurface is TOM 
diverted with long tracts of prodigious high 
mountains and deep cavities. Some of her moun- 
tains, by comparing their height with her diameter 
(which is 2189 miles), are found to be three times 
higher than the higheſt hills on our Earth. This TheMoon's 
ruggedneſs of the Moon's turface is of great uſe mine 
to us, by reflecting the Sun's light to all ſides: for 9% 
if the Moon were ſmooth and poliſhed like a 
looking-glaſs, or covered with water, ſhe could 
never diſtribute th2 Sun's light all round; only in 
{ome poſitions ſhe would ſhew us his image, no 
bigger than a point, but with ſuch a luſtre as 
would be hurtful to our eyes. 
253. The Moon's ſurface being ſo uneven, many 
have wondered why her edge appears not jagged 
as well as the curve bounding the ligat and dark 
parts. But if we confider, that what we call the 
edge of the Moon's Diſc is not a ſingle line ſet Why no 
. | 12 . . hills appear 
round with mountains, in which caſe it would ap- on ber edge, 
pear irregularly indented, but a large zone having 
many mountains lying behind one another from 
the obſerver's eye, we ſhall find that the mountains 
in ſome rows will be oppoſite to the vales in others, 
and fill up the inequalities ſo as to make her ap- 
pear quite round ; juſt as when one looks at an 
orange, although its roughneſs be very diſcernible 
on the fide next the eye, eſpecially it the Sun or a 
Candle ſhines obliquely on that fide, yet the line 
| terminating 


252, 
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PLATE terminating the viſible part ſtill appears ſmooth 
VII. and even. 

The Moon 254. As the Sun can only enlighten that half 

has no tui Of the Earth which is at any moment turned to- 


— ward him, and being withdrawn from the oppo— 


ſite half, leaves it in darkneſs; ſo he likewiſe doth 
to the Moon: only with this difference, that the 
Earth, being ſurrounded by an Atmoſphere, and 
the Moon, as far as we know, having none, we 
have twilight after the Sun ſets; but the Lunar 
inhabitants have an immediate tranſition from the 


brighteſt Sun-ſhine to the blackeſt darkneſs, 8 177. 


For, let ?#r & be the earth, and A, B, C, D, 
E, F, G, H the Moon in eight different parts of 
rig l. ber Orbit. As the Earth turns round its Axis, 
from weſt to eaſt, when any place comes to f the 
twilight begins there, and when it revolves from 
thence tor the Sun & riſes; when the place comes 
to 5 the Sun ſets, and when it comes to 2 the twi- 
light ends. But as the Moon turns round her Axis, 
Which is only once a month, the moment that any 
point of her ſurface comes to r (ſee the Moon at 
G) the Sun riſes there without auy previous warn- 
ing by twilight; and when the ſame point comes 
to the Sun ſets, and that point goes into darkneſs 
as black as at midnight. 
The Moon's 255. The Moon being an opaque ſpherical body 
bes. (for her hills take off no more from her roundneſs 


than the inequalities on the ſurface of an orange 


take off from its roundneſs) we can only ſee that 
part of the enlightened half of her which is toward 
the Earth. And therefore when the Moon is at 
A, in conjunction with the Sun &, her dark half 
is toward the Earth, and ſhe diſappears, as at a, 
there being no light on that half to render it viſi- 
ble. When ſhe comes to her firſt Octant at B, or 
has gone an eighth part of her Orbit from her 
Conjunction, a quarter of her enlightened fide is ſeen 
toward the Earth, and ſhe appears horned, as at 
5. When ſhe has gone a quarter of her Orbit 
from between the Earth and Sun to C, ſhe ſhews 
els; us 
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us one half of her enlightened ſide, as at c, and we 
ſay, ſhe is a quarter old. At D ſhe is in her ſecond 
Octant, and by ſhewing us more of her enlight- 
ened ſide ſhe appears gibbous, as at d. At E her 
whole enlightened ſide is toward the Earth, and 
therefore ſhe appears round, as at e, when we ſay 
it is fuil Moon. In her third Octant at V, part 
of her dark ſide being toward the Earth, ſhe 
again appears gibbous, and is on the decreaſe, as 
at 7. At G we lee juſt one half of her enlightened 
ſide, and ſhe appears half decreaſed, or in her third 
Quarter, as at g. At H we only fee a quarter of 
her enlightened ſide, being in ber fourth Octant, 
where ſhe appears horned, as at 5. And at 4, 

having completed her courſe from the Sun to the 
Sun again, ſhe diſappears; and we tay, it is New 
Moon. Thus, in going from A to Z, the Moon 
ſeems continually to increaſe; and in going from 
E to A, to decreaſe in the fame proportion; having 
like Phaſes at equal diſtances from A to E, but as 
ſeen from the Sun S, ſhe is always Full. 

256. The Moon appears not perfectly round The Moon's 
when ſhe is Full in the higheſt or loweſt part of 3 
her Orbit, becauſe we have not a full view of her rommd when 
enlightened ſide at that time. When Full in the fl.. 
higheſt part of her Orbit, a ſmall deficiency ap- 
pears on her lower edge; and the contrary when 
Fall in the loweſt part of her Orbit. 

257. It is plain by the figure, that when the The Phates 
Moon changes to the Earth, the Earth appears % ens 
Full to the Moon ; and vice verſa. For when the contrary. 
Moon is at A, New to the Earth, the whole en- 
lightened fide of the Earth is toward the Moon; 
and when the Moon is at E, Tull to the Earth, its 
dark fide is toward her. Hence a New Moon 
anſwers to a Full Earth, and a Full Moon to a New 
Earth. The Quarters are alſo reverſed to each 
other. 

258. Between the third Quarter and Change, the An Agree- 
Moon is frequently viſible in the forenoon, W 
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when the Sun ſhines; and then ſhe affords us an 
opportunity of ſeeing a very agreeable appearance, 
wherever we find a globular ſtone above the level 
of the eye, as luppcſe on the top of a gate. For, 
if the Sun ſhines ov the ſtove, and we place our- 
ſelves lo as the upper part of the ſtone may juſt 
ſeem to touch the point of the Moon's lowermoſt 
horn, we ſhall then tice the enlightened part of the 
ſtone exactly of the ſame ſhipe with the Moon; 
horned as ſhe is, and e the ſame way to 
the Horizon. The reaſon is plain; for the Sun 
enlightens the ſtone the ſame way as he does the 
Moon : ard both being Globes, when we put our- 
ſelves into the above ſituation, the Moen and 
ſtone have the ſame poſition to our eyes; and 
therefore we muſt fee as much of the illuminated 
part of the one as of the other. 


The Nona= 259, The poſition of the Moon's Cuſps, or a 


eimal . . . . . 
Degree, right line touching the points of her horns, is very 
wilt. differently inclined to the Horizon at different 


hours of the ſame days of her age. Sometimes 
ſhe ſtands, as it were, upright on her lower horn, 
and then ſuch a line is perpendicular ro the Ho- 
rizon; when this happens, ſhe is in what the Aſtro» 
nomers call the Nonageftmal Degree; which is the 
higheſt point of the Ecliptic abore the Horizon at 
that time, and is 90 degrees from both ſides of the 
Horizon where it is then cut by the Ecliptic. But 
this never happens when the Moon is on the Meri- 
dias, except when ſhe is at the very beginning of 
Cancer or Capricorn, 
Howthein= 260, The inclination of that part of the Ecliptic 
clination of . > a 5 : 
the Ecliplie to the Horizon in which the Moon is at any time 
may "xz when horned, may be known by the poſition of 
555 her horns; foe a right line touching their points 
OST IN F to the Ecliptic. And as the 
angle which the Moon's Orbit makes with the 
Leliptic can never raiſe her above, nor depreſs her 


below the Ecliptic, more than two minutes of a 


degree, as ſeen from the Sun; it can have no 


ſenſible 
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ſenſible effect upon the poſition of her horns. 
Therefore, it a Quadrant be held up, ſo as one 
of its edges may ſeem to touch the Moon's horns, 
the graduated fide being kept toward the eye, 
and as far from the eye as it can be conveniently 
held, the Arc between the Plumb-line and that 
edge of the Quadrant which ſeems to touch the 
Moon's horas will ſhew the inclinarion of that part 
of the Ecliptic to the Horizon. And the arc be- 
tween the other edge of the Quadrant and Plumb- 
line will ſhew the inclination of a line, touching 
the Moon's horns, to the Horizon. 

261. The Moon generally appears as large as 
the Sun; for the Angle v 4, under which the 
Moon 1s ſoen from the Earth, s the ſame with the 
Angle L&M, under which the Sun is ſeen from it. 
And therefore the Moon may hide the Sun's whole 
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PLATE 
VII. 


Fig J. 
Why the 
Moon ap- 
penrs as big 
as the Sun. 


Diſc from us, as ſhe ſometimes does in ſolar. 


Eclipſes. The reaſon why ſhe does not eclipſe 
the Sun at every Change, ſhall be explained after- 
ward. If the Moon were farther from the Earth, 
as at a, ſhe would never hide the whole of the 
Sun from us; for then ſhe would appear under 
the Angle N&O, eclipfing only that part of the 
Sun which lies between N and O: were ſhe ſtill 
further from the Earth, as at A, ſhe would appear 
under the ſmall angle 74 , like a ſpot on the Sun, 
hiding only the part 7 from our fight. 

262. That the Moon turns round her Axis in 
the time that ſhe goes round her Orbit, is quite 
demonſtrable; for a ſpectator at reſt, without 
the periphery of the Moon's Orbit, would fee all 
her fides turned regularly toward him in that 
time. She turns round her Axis from any Star to 
the ſame Star again in 27 days 8 hours; from the 
Sun to the Sun again in 293 days: the former is 
the length of her ſydereal day, and the latter the 
length of her ſolar day. A body moving round 
the Sun would have a ſolar day in every revolution, 
without turning on its Axis; the ſame as if it 


had 


A proof of 
the Moon's 
turning 
round her 
Axis. 
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had kept all the while at reſt, and the Sun moved 
round it: but without turning round its Axis it 
could never have one ſydereal day, becauſe it would 
always keep the ſame ſide toward any given Star. 
Her perio- 263. If the Earth had no annual motion, the 
dcaland y- Moon would go round it ſo as to complete a Lu- 
volution. nation, a ſydereal, and a ſolar day, all in the ſame 
time. But becauſe the Earth goes forward in its 
Orbit while the Moon goes round the Earth in 
her Orbit, the Moon muſt go as much more than 
round her Orbit from Change to Change in com- 
pleting a ſolar day, as the Earth has gone for- 
ward in its Orbit during that time, i. e. almoſt a 
twelfth part of a Circle. 
Familiarly 264. The Moon's periodical and ſynodical revo- 
repretented. Jution may be familiarly repreſented by the mo- 
tions of the hour and minute-hands of a watch 


round its dial plate, which is divided into 12 equal 


parts or hours, as the Ecliptic 1s divided into 12 
Signs, and the year into 12 months. Let us ſup- 
poſe theſe 12, hours to be 12 Signs, the hour-hand 
the Sun, and the minute-hand the Moon ; then 
the former will go round once in a year, and the 
latter once in a month: but the Moon, or minute- 
hand, muſt go more than round frem any point 
of the Circle where it was laſt conjoined with 
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the Sun, or hour-hand, to overtake it again : for 
the hour-band, being in motion, can never be over- 
taken by the minute-hand at that point from which 
they ſtarted at their laſt conjunction. The firſt 
column of the preceding Table ſhews the number 
of conjunctions which the hour and minute-hand 
make while the hour-hand goes once round the 
dial-plate ; and the other columns ſhew the times 
when the two hands meet at each conjunction. 
Thus, ſuppoſe the two hands to be in conjunction 
at XII, as they always are; then, at the firit fol- 
lowing conjunction it is 5 minutes 27 ſeconds 16 
thirds 21 fourths 497+ fitihs paſt I, where they 
meet: at the ſecond conjunction it is 10 minutes 
54 ſeconds 32 thirds 43 fourth 38 Er fifths paſt II; 


and ſo on. This, though an eaſy illuſtration of. 


the motions of the Sun and Moon, is not preciſe 
as to the times of their conjunctions 5; becauſe, 
while the Sun goes round the Ecligtic, the Moon 
makes 124 conj unctions with him; but the minute- 
hand of a watch or clock makes only 11 conjunc- 
tions with the hour-hand in one period round the 


dial- plate. But if, inſtead of the common wheel- 


work at the back of the dial-plate, the Axis of the 
minute-hand had a pinion of 6 leaves turning a 
wheel of 74, and this laſt turning the hour-hand, 


in every revolution it makes round the dial-plate, 


the minute-hand would make 124 conjunctions 
with it; and ſo would be a pretty device for ſhew- 
ing the motions of the Sun and Moon; eſpecially, 
as the ſloweſt moving hand might have a little 
Sun fixed on its point, and the quickeſt a little 
Moon. 
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265. If the Earth had no annual motion, the TheMoon's 


Moon's motion round the Earth, and her track in cock 


open ſpace, would be always the fame *. But open ſpace 
: deſcribed, 


la this place, we may confider the Orbits of all the Satel- 
tas as Circular, with reſpect to their primary Vlanets; becauſe 
the excentricities of their Orbits are too ſmall to effect the 
Phenomena here deſcribed. 
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An idea of 
tre Earth's 
path, and 


the Moon's. 


The Moon's Path delincatcd. 


Moon's real path in the Heavens is very different 
from her viſible path 1ound the Earth: the latter 
being in a progreſlive Circle, and the former in 
a curve of different degrees of concavity, which 
would always be the ſame in the ſame parts of che 
Heavens, 1f the Moon performed a compleat 
number of Lunations in a year without any fraction, 

266. Let a nail in the end of the axle of a cha- 
riot-wheel repreſent the Earth, and a pin in the 
nave the Moon; it the body of the chariot be 
propped up fo as to keep that wheel from touch- 
ing the ground, and the wheel be then turned 
round by hand, the pin will deſcribe a Circle both 
round the nail, aud in the ſpace it moves through. 
But if the props be taken away, the horſes put to, 
and the Chariot driven over a plece of ground 
which is circularly convex; the nail in the axe 
will deſcribe a ciucul.r curve, and the pin in the 
nave will ſtill deſcribe a circle round the progrel- 
five nail in the axle, but not in the ſpace through 
which it moves. In this caſe, the curve deſcribe! 
by the nail will reſemble in miniature as much of 
the Earin's annual path round the Sun, as it de- 
ſcribes while the Moon goes as often round the 
Earth as the pin does round the nail: and the 
curve deſcribed by the nail will have ſome reſem: 
blance of the Moon's path during ſo many Luna: 
tions. 

Let us now ſuppoſe that the radius of the cir: 
cular curve deſcribed by the nail in the aule is to 
the radius of the circle which the pin in the nat 
deſcribes round the axle as 3374 to 1; Which 5 
the proportion of the radius or ſemi-· diameter of the 
Farth's Orbit to that of the Moon's; or of the 

circular curve A 1 2 3 4 5 6 7 B, &c. to the litti 
circle a; and then, while the progreſſive nail de- 
ſcribes the ſaid curve from A to E, the pin will go 
once round the nail with regard to the center d 
il 
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its path, and in ſo doing, will deſcribe the curve PLATE 
a be de. The former will be a true repreſentation Ty 
of the Earth's path for one Lunation, and the 
latter of the Moon's for that time. Here we may 
ſet aſide the inequalities of the Moon's motion, 
and; alſo the Earth's moving round its common 
center of gravity and the Moon's: all which, if 
they were truly copied in this experiment, w ould 
not ſenſibly alter the figure of the paths deſcribed 
by the nail and pin, even though they ſhould rub 
againſt a plain upright ſurface all the way, and 
leave their tracts viſible upon it. And if the 
chariot was driven forward on ſuch a convex piece 
of ground, ſo as to turn the wheel ſeveral times 
round, the track of the pin in the nave would till 
be concave toward the center of the circular curve 
deſcribed by the pin in the axle; as the Moon's 
path is always concave to the Sun in the center of 
the Earth's annual Orbit. | 

In this Diagram, the thickeſt curve-line ABCDE, 
with the numeral figures ſet to it, repreſents as 
much of the Earth's annual Orbit as it deſcribes 
in 32 days from weſt to eaſt; rhe little circles at 


4, b, c, d, e, ſhew the Moon! s Orbit in due propor- 


tion to the Earth's; and the ſmalleſt curve abcdef 
repreſents the line of the Moon's path in the Hea- 

vens for 32 days, accounted from any particular 

New Moon at a. The Machine, Fig. 5th, is for 
delineating the Moon's path, and ſhall be deſcribed, 

with the reſt of my Aſtronomical machinery, i 

the laſt Chapter. The Sun is ſuppoſed to be in 

the center of the curve A 1 2 3 45 6 73, &c. and 

the ſmall-dotted circles upon it repreſent the Proportion 
Moon's Orbit, of which the radius is in the ſame Jena d 
proportion to the Earth's patli in this ſcheme, that 2 
the radius of the Moon's Orbit in the Heavens 


bears to the radius of the Earth's annual parh 


round the Sun: that is, as 240,000, to 81,000,000*, 


or as 1 to 3373» 


* Por the true diſtances ſee p. 108. 
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PLATE When the Earth is at 4, the New Moon is at 2; 


. and in the ſeven days thac the Earth deſcribes the 


rig Il. curve 12. 34567, the Moon in accompanying 
the Earth deſcribes the curve a6; and is in her 
firſt quarter at 6 when the Earth is at B. As the 
Earth deſcribes the curve B 8 9 10 11 12 13 14, 
the Moon deſcribes the curve ; and is at c, op- 
poſite to the Sun, when the Earth is at C. While 
the Earth deſcribes the curve C 15 16 17 18 19 20 
21 22, the Moon deſcribes the curve cd]; and is in 


her third Quater at 4 when the Earth is at D. 


And laſtly, while the Earth deſcribes the curve 
D 23 24 25 26 27 28 29, the Moon deſcribes the 
curve de; and is again in conjunction at e with the 
Sun when the Earth is at E, between the 29th and 
30th day of the Moon's age, accounted by rhe nu- 
meral Figures from the New Moon at 4 In de- 
ſcribing the curve ab c de, the Moon goes round 
the progreſſive Earth as really as if ſhe had kept in 
the dotted Circle A, and the Earth continued im- 
moveable in the center of that Circle. 
The Moon's And thus we ſee that, although the Moon goes 
ways con- round the Earth in a Circle, with reſpect to the 
caveto Farth's center, her real path in the Heavens is not 
— 2 very different in appearance from the Earth's path. 
To ſhew that the Moon's path is concave to the 
Sun, even at the time of Change, it is carried on 
a little farther into a ſecond Lunation, as to f. 
267. The Moon's abſolute motion from her 
Change to her firſt Quarter, or from à to 6, is fo 


much flower than the Earth's, that ſhe falls 240 
thouſand miles (equal to the ſemi-diameter of her 


Orbit) behind the Earth at her firſt Quarter in 8, 


when the Earth is at B; that is, ſhe falls back a 


ſpace equal to her diſtance from the Earth. From 
How her that time her motion is gradually accelerated to 
Motion is her Oppoſition or Full at c, and then ſhe is come 
rerardedand UP as far as the Earth, having regained what ſhe 
accelerated. [oft in her firſt Quarter from a to 5. From the 
Full to the laſt Quarter at 4 her motion continues 


accelerated, 


TA ws mn — egy + fro > — 
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accelerated, ſo as to be juſt as far before the Earth 
at d, as ſhe was behind it at her firſt Quarter in 
5. But from d to e her motion is retarded fo, 
that ſhe loſes as much with reſpect to the Earth as 
is equal to her diſtance from it, or to the ſemi- 
diameter of her Orbit; and by that means ſhe 
comes to e, and is then in conjunction with the Sun 
as ſeen from the Earth at E. Hence we find, that 
the Moon's abſolute Motion is ſlower than the 
Earth's from her third Quarter to her firſt; and 
ſwifter than the Earth's from her firſt Quarter to 
her third : her path being leſs curved than the 
Earth's in the former caſe, and more in the latter. 
Vet it is ſtill bent the ſame way toward the Sun; 
for if we imagine the concavity of the Earth's Or- 
bit to be meaſured by the length of a perpendicular 
line Cg, let down from the Earth's place upon the 
ſtraight line b g d at the Full of the Moon, and 
connecting the places of the Earth at the end of 
the Moon's firſt and third Quarters, that length 
will be about 640 thouſand miles; and the Moon 
when New only approaching nearer to the Sun by 
240 thouſand miles than the Earth is, the length 
of the perpendicular let down from her place at 
that time upon the ſame ſtraight line, and which 
ſhews the concavity of that part of her path, will 
be about 400 thouſand miles, 


268. The Moon's path being concave to the A difficulty 
Sun throughout, demonſtrates that her gravity © 
toward the Sun, at her Conjunction, exceeds her 
gravity toward the Earth. And it we conſider 
that the quantity of matter in the Sun is almoſt 
230 thouſand times as great as the quantity of 
matter in the Earth, and that the attraction of each 
body diminiſhes as the ſquare of the diſtance from 
it increaſes, we ſhall ſoon find, that the point of 
equal attraction between the Earth and the Sun, 
is about 70 thouſand miles nearer the Earth than 


the Moan is at her Change. It may then appear 
O 3 ſurpriſing 
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PLATE ſarprifing that the Myon does not abandon the 


7 L- III. 


Earth when ſhe is between it and the Sun, becauſe 
ſhe is conſiderably more attracted by the Sun than 
by the Earth at that time. But this difficulty 
vaniſhes when we conſider, that a common impulſe 
on any ſyſtem of bodies affects not their relative 
motions; but that they will continue to attract, 
impel, or circulate round one another, in the ſame 
manner as if there was no ſuch impulſe. The 
Moon is ſo near the Earth, and both of them ſo 
far from the Sun, that the attractive power of the 
Sun may be conſidered as equal on both: and 
therefore the Moon will continue to circulate round 
the Earth in che fame manner as if the Sun did 
not attract them at all. For bodies in the cabin 
of a ſhip, may move round, or impel one another 
in the fame manner when the ſhip is under fail, 
as When it is at reſt ; becauſe they are all equally 
affected by the common motion of the ſhip. 
It by any otber cauſe, ſuch as the near approach 
ot a Comet, the Moon's diſtance from the Earth 
ſhould happen to be fo much increaſed, that the 
difference of their gravicating forces toward the 
Sun ſhonld exceed that of the Moon toward. the 
Farth ; in that cafe the Moon when in conjunc- 


tion, would abandon the Earth, and be either 


drawn into the Sun, or Comet, or circulate round 
about 1 Its 


269. The curves which Jupiter's Satellites de- 


ſcribe, are all of different forts from the path de- 


ſcribed by our Moon, although theſe Satellites go 
rouda Jup! ter, as che Moon goes round the Earth. 
Let A BCD? E, &c. be as much of Jupiter's Orbit 
as he deſcr; bes in 13 days from A to 7; and the 
curves 6, 5, % %, will be the paths of his four Moons 
going round him in his progreſſive motion. 


Nov let us ſuppoſe all theſe Moons to ſet out from 
2 conjunction with the Sun, as ſeen from Jupiter 
at 
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at A; then, his firſt or neareſt Moon will be at a, PLATE 
his ſecond at 6, his third at c, and his fourth at d. , a 
At the end of 24. terreſtrial Hours after this con- lute Ph of 
junction, Jupiter has moved to B, his firſt Moon Per =" 
or Satellite has deſcribed the curve 4 1, bis ſecond lites ddue— 
the curve h 1, his third c 1, and his fourth d 1. *,. 
The next day, when Jupiter is at C, his firſt Satel- 

lite has deſcribed the curve @ 2, from its conjunc- 

tion, his ſecond the curve 6b 2, his third the curve 

c 2, and his fourth the curve 45 and ſo on. The 
numeral Figures under the capital letters ſhew 
Jupiter's place in his path every day for 18 days, 
accounted from A to 7; and the like Figures et 

to the paths of his Satellite, ſhew where they are 

at the like times. The firſt Satellites, almoſt under 

C, is ſtationary at , as ſeen from the Sun; and 
retrograde from A- to 2: at 2 it appears ſtationary 

again, and thence it moves forward until it has 

paſſed 3, and is twice ſtationary, and once retro— 

grade between 3 and 4. The path of this Satel- 

lite interſects itſelf every 421 hours, making ſuch 

loops as in the Diagram at 2. 3. 5. 7. 9. 10. 12. 

14. 16. 18, a little after every conjunction. The 
ſecond Satellite 2, moving flower, barely croſſes its 

path every 3 days 13 hours; as at 4. 7. II. 14. 18, 
making only 5 Loops and as many conjunctions 

in the time that the firſt makes ten. The Third 
Satellite c moving ſtill Ou and having deſcribed 

the curve c I. 2. 3+ 4. 5. 6. 7, comes to an angle 

at 7, in conjunction with the Sun, at the end of 

days four hours; and jo goes on to delcribe ſuch is. 111, 
another curve 7. 8. 9. 10. 11. 12. 13. 14, and is 

at 14 in its next conjunction. The fourth Satel- 

lite 4 is always progreſſive, making neither Loops 

nor Angles in the Heavens; but comes to its next 
conjunction at e between the numeral figures 16 

and 17, or in 16 days 18 hours. In order to have 

a tolerable good figure of the paths of thele Satcl- 


lites, I took the following method. 
O4 Ilaviug 
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PLATE Having drawn their Orbits on a Card, in pro- 
Fiz. IV. Portion to their relative diſtances from Jupiter, I 
meaſured the radius of the Orbir of the fourth 
Satellite, which was an inch and 4% parts of an 
inch; then multiplied this by 424 for the radius 
of Jupiter's Orbit, becauſe Jupiter is 424 times as 
far from the Sun's center as his fourth Satellite is 
from his center ; and the product thence ariſing 
How to de- Was 483 Fes inches. Then taking a ſmall cord of 
parts of J this length, and fixing one end of it to the floor 
piter's of a long room by a nail, with a black-lead pencil 
Moons. at the other end I drew the curve ABCD, &c. and 
ſet off a degree and half thereon, from 4 to T; 
becauſe Jupiter moves only ſo much, while his 
outermoſt Satellite goes once round him, and 
ſomewhat more; ſo that this ſmall portion of ſa 
large a circle differs but very little from a ſtraight 
line. This done, I divided the ſpace AT into 18 
equal parts, as A 5, 5 C, &c. for the daily pro- 
greſs of Jupiter; and each part into 24 for his 
hourly progreſs. The Orbit of each Satellite was 
alfo divided into as many equal parts as the Sate]- 
lite is hours in finiſhing its ſynodical period round 
Jupiter. Then drawing a right line through the 
center of the Card, as a diameter to all the four 
Orbits upon it, I put the card upon the line of 
Jupiter's motion, and transferred it to every horary 
diviſion thereon, keeping always the ſame diameter- 
line on the line of Jupiter's path; and running 3 
pin through each horary diviſion in the Orbit of 


each Satellite as the card was gradually transferred 


along the line ABCD, &c. of Jupiter's motion, I 
marked points for every hour through the Card 


for the curves deſcribed by the Satellites, as the 


primary Planet in the center of the Card was car- 
ried forward on the line; and ſo finiſhed the 
Figure, by drawing the lines of each Satellite's 
motion through thoſe (almoſt innumerable) points: 
by which means, this is, perhaps, as true a Figure 


of the paths of theſe Satellites as can be _— 
An 
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na” © © 7, yr fold pe Wot 


The Paths of Jupiter's Moons delineated. 201 
And in the fame manner might thoſe of Saturn's And $a- 


Satellites be delineated. _— * 
270. It appears by the ſcheme, that the three VII. 


firlt Satellites come almoſt into the ſame line "dine 


poſition every ſeventh day; the firſt being only a Jupiter's 
little behind with the ſecond, and the ſecond be- 9: 
hind with the third. But the period of the fourth 5 
Satellite is ſo incommenſurate to the periods of 

the other three, that it cannot be gueſſed at by 

the diagram when it would fall again into a line 

of conjunction with them between Jupiter and 

the Sun. And no wonder; for ſuppoſing them all 

to have been once in conjunction, it will require 
3,087, 43, 493,260 years to bring them in con- 
junction again. See I 73, 

271. In Fig. 4th, we have the proportions of Fig. IV. 
the Orbits of Saturn's five Satellites, and of r | 
piter's four, to one another, to our Moon's Orbit, Gee 
and to the Diſc of the Sun. & is the Sun; I m Sagte and 
the Moon's Orbit (the Earth ſuppoſed to be at Z); 
F Japiterz 1. 2. 3. 4, the Orbits of his four 
Moons or Satellites; Sat. Saturn; and 1. 2. 3. 4. 5, 
the Orbits of his five Moons. Hence it appears, 
that the Sun would much more than fill the whole 
Orbit of the Moon; for the Sun's diameter is 
763,000 miles, and the diameter of the Moon's 
Orbit only 480,000, In proportion to all theſe 
Orbits of the Satellites, the radius of Saturn's 
annual Orbit would be 214 yards, of Jupiter's 
Orbit 114, and of the Earth's 24, taking them in 
round numbers. | 

272. The annexed table ſhews at once what 
proportion the Orbits, Revolutions, and Veloci- 
ties of all the Satellites bear to thoſe of their 
primary Planets, and what fort of curves the ſeveral 
Satellites deſcribe. For thoſe Satellites, whoſe ve- 
locities round their Primaries are greater than the 
velocities of their Primaries in open ſpace, make 
Loops at their conjunctions, & 269; appearing re- 
trograde as ſeen from the Sun while they * 

* | f S G 


The Curves deſcribed by the ſecondary Planets. 


the inferior Parts of their Orbits, and direct while 
thev deſcribe the ſuperior. 
Jupiter's firit and ſecond Satellites, and with Sa— 
turn's firſt. Bat thoſe Satellites, whe! velocities 
are leſs than the velocities cf their primary Planets, 
move direct in their whole circamvolutions; which 
is the caſe of the third and fourth Satellites of Ju- 
piter, and of the ſecond, third, fourth, and fifth 
Satellites of Saturn, as well as of our Satellite the 
Moon: But the Moon is the only Satellite whoſe 


J ils is the caſe with 


motion is always concave to the Sun. There is a 
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Proportion of the Froportion of the Proportion of we 
Radius of the Pla- Time of the Pla- Velocity of each Sa- 
nets Revolution to tellite to the Velo- 
the Revolution of city of its primary 
each Satellite. : 
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5738 to 1 As 5738 to 5322 


net's Orbit to the 
Radiusof the Orbit 
of each Satellite. 
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table of this Sort in De 1a Caille's Aſtronomy, but 
it is very differcat from the above, which J have 
computed frem our Eugliſb accounts of the periods 
and diſtances of theſe Planets and Satellites, 
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Of the Harveſt- Moon, 


F 


The Phenomena of the I Harveſt-Moon explained by g 
common Globe, The Years in which the Harveſt- 
Moons are leaſt and moſt beneficial from 1751 to 
1861. The long Duration of e at the 
Poles in Winter. 
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about 30 minutes later every day than on 


the preceding; but this is true only with regard to 


places on the Equator. In places of conſiderable 
Latitude there is a remarkable difference, eſpecially 
in the harveſt-time, with which farmers were better 
acquainted than Aftronomers till' of late; and 
gratefully aſcribed the early riſing of the Full Moon 
at that time of the year to the goodneſs of God, 
not doubting that he had ordered it ſo on purpoſe 
to give them an immediate ſupply of moon: light 
after ſun · ſet for their greater conveuiency in reap- 
ing the fruits of the Earth. 

In this inſtance of the Harveſt- Moon, as in many 
others diſcoverable by Aſtronomy, the wiſdom aud 
heneficence of the Deity is conſpicnous, who really 
ordered the courſe of the Moon ſo, as to beſtow 
more or leſs light on all parts of che Farth as tbeir 
ſeveral circumſtances and ſeaſons render it more 
or leſs ſeryiceable. About the Equator, where 
there is no variety of ſeaſons, and the weather 
changes ſeldom, and at ſtated times, Moon-light 
is not necefſſ lary for gathering in the produce "of 
the ground; and there the Moon riſes avout 50 
minutes later every day or night than on the for- 
mer. In conſiderable diſtances from the Equator, 
where the weather and ſeaſons are more uncertain, 
the autumnal Full Moons rite very ſoon after ſuu- 
| 4 let 
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T is generally believed that the Moon riſes XoHarveft- 


Moon at the 
Equztor. 
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But re- ſet for ſeveral evenings together. At the polar 
rm cireles, where the mild ſeaſon is of very ſhort du- 
mediſtances ration, the autumnal Full Moon riſes at ſun ſet 
of PPC from the firſt to the third quarter. And at the 
Poles, where the Sun is for half a year abſent, the 
winter Full Moons ſhine conſtantly without ſetting 
from the firſt to the third quarter. 

Tie reaſon It is ſoon ſaid that all theſe Phenomena are ow. 
its. ing to the different Angles made by the Horizon 
and different parts of the Moon's Orbit; and that 
the Moon can be full but once or twice in a year 
in thoſe parts of her Orbit which riſe with the leaſt 
Angles. But to explain this ſubjea intelligibly, 

we mult dwell much longer upon it. 
274. The * plane of the Equinoctial is perpen- 
dicular to the Earth's Axis; and therefore, as the 
Earth turns round its Axis, all parts of the Equi- 
noctial make equal angles with the Horizon both 
at riſing and ſetting ; ſo that equal portions of it 
always riſe or ſet in equal times. Conſequently, if 
the Moon's motion were equable, and in the Equi- 


noctial, at the rate of 12 degrees 11 min. from the 


Sun every day, as it is in her Orbit, ſhe would 
riſe and ſet 50 minutes later every day than on the 
preceding; for 12 deg. 11 min. of the Equinoctial, 
riſe or ſer in 50 minutes of time in all Latitudes. 

275. But the Moon's motion is ſo nearly in the 


Ecliptic, that we may conſider her at preſent as 


moving in it. Now the different parts of the 
Ecliptic, on account of its obliquity to the Earth's 
Axis, make very different angles with the Hori- 
zon as they riſe or ſet. Thoſe parts or Signs which 
riſe with the ſmalleſt angles ſet with the greateſt, 
and vice verſa, In equal times, whenever this 
Angle 1s leaſt, a greater portion of the Ecliptic 
riſes than when the Angle is larger; as may be 
ſeen by elevating the pole of a Globe to any con- 


* If a Globe be cut quite through upon any Circle, the 
flat ſurface where it is ſo divided is the plane of that Circle. 
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fiderable Latitute, and then turning it round its PLATE 


Axis. Conſequently, when the Moon is in thoſe 


Signs which riſe or let with the ſmalleſt Angles, 


ſhe riſes or ſets with the leaſt difference of time; 


III. 


and with the greateſt diflerence in thoſe Signs pig. 11. 


which riſe or ſet with the greateſt Angles. 

But, becauſe all who read this Treatiſe may not 
be provided with Globes, though in this caſe it is 
requiſite to know how to uſe them, we ſhall ſub- 
ſtitute the Figure of a globe; in which FU P is 
the Axis, S T R the Tropic of Cancer, Lt 
the Tropic of Capricorn, S E U v5 the Ecliptic 
touching both the Tropics, which are 47 degrees 
from each other, and AB the Horizon. The 
Equator, being in the middle between the Tro- 
pics, is cut by the Ecliptic in two oppoſite points, 
which are the beginnings of Y Aries and = Libra. 
K is the Hour-circle with its Index, F the North 
Pole of the Globe elevated to a conſiderable Lati- 


tude, ſuppoſe 340 degrees above the Horizon; and 


P the South Pole depreſſed as much below it. rig. 111. 


Becauſe of the oblique poſition of the Sphere in 


this Latitude, the Ecliptic has the high elevation The difer- 
N 95 above the Horizon, making the Angle" Angtes 


NU Sof 734 degrees with it when 95 Cancer is 


made by the 
Ecliptic and 


on the Meridian, at which time = Libra riſes inen. 


the Eaſt, But let the Globe be turned half round 
its Axis, till vs Capricorn comes to the Meridian 


and Y Aries riſes in the Eaſt, and then the Eclip- 


tic will have the low elevation NL above the 
Horizon, making only an Angle NVL of 261 
degrees with it; which is 47 degrees leſs than the 
former Angle, equal to the diſtance between the 
Tropics. 


de 


276. In northern Latitudes, the ſmalleſt Angle Le? ang 
made by the Ecliptic and Horizon is when Arjes****% 


riſes, at which time Libra ſets; the greateſt when 
Libra riſes, at which time Aries ſets. From the 


riſing of Aries to the riſing of Libra (which is 


7 twelve 


when. 
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Refult of 


the quantity 


of this 
Angle at 
London. 


Piſces and Aries in two | | ww; ii g Setting 
hours as the Moon goes | 8 a he. 
» * - 8 
through in fix days: and ? H. NIA. NI. 
therefore while the Moon — NY | 
is in theſe Signs, ſhe ies 13]: 5 o 50 
differs but two hours in : a ” , ng: — 43 
riſing for fix days toge- | * : 17 £ 2 
ther; that is, about 20 | cimm 6| x: 16 0 28 
minutes later every day || 191 150 24 
or night than on the pre-. = 7J= 7452 29 
8 181 180 18 
ceding, at a mean rate. 9 280 1 1500 15 
But in fourteen days fem 12 1 15} 0 22 
afterward, the Moon 11 25 1 140 30 
comes to Virgo and Li- ff = 7312 39 
. 13 21] 1 10089 90 
bra, which are the OP- 1445 4 1 4 5 56 
polite Signs to Piſces and [5 17 % 46 1:5 
Aries; and then ſhe fen 100 401 8 
differs almoſt four times 18 2 : 5 : 5p 
as much in riſing; name- [glx 100 o 25] 1 10 
Jy, one hour and about |-o 23jo 291 27 
fifteen minutes later |? n 17 ; 16 
. | 22 200 O0 1 c 
every day or night than zz 300 20 x 10 
the former, while ſhe za ib} 240 1 15 
is in theſe Signs. The j25] 29% 39] 1 14 
annexed Table ſhews „ T9241 22 
the daily mean differ- 2808 of 1 * EE 58 
ence of the | Moon's | | | = 


Of the Harweſt-Moon: 


twelve * Sydereal hours) the angle increaſes; and 
from the riſing of Libra to the riſing of Aries it 
decreaſcs in the ſame proportion. By this article 
and the preceding it appears that the Ecliptic riſes 
faſteſt about Aries, and {loweſt about Libra. 


277. On the parallel of London, as much of 
the Ecliptic riſes about 


* The F-liptic, together with the fixed Stars, make 3604 
apparent diurnal revolutions about the Earth in a year; the 
dun only 395%, Therefore the Stars gain 3 minutes 56 ſeconds 
upon the Sun every Day; ſo that a Sydereal day contains only 
23 hours 56 minutes of mean Solar time; and a natural or 
volar div 24 hours. Hence 1 2 Sydereal hours are one minute 
55 ieconds ſhorter than 12 Solar hours. | 


— 
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riſing and ſetting on the Parallel of London, for PLATE 


28 days; in which time the Moon finiſhes her 
period round the Ecliptic, and gets 9g degrees into 
the ſame Sign from the beginning of which the 
ſet out. So it appears by the Table, that when 
the Moon is in m and = ſhe riſes an hour and a 
quarter later every day than ſhe roſe on the former; 
and differs only 28, 24, 20, 18 or 17 minutes in 
ſetting. But, when ſhe comes to & and , ſhe 
is only 20 or 17 minutes later in riſing ; and an 
hour and a quarter later in ſetting. 

278. All theſe things will be made plain by 
putting ſmall patches on the Ecliptic of a Globe, 
as far from one another as the Moon moves from 
any point of the celeſtial Ecliptic in 24 hours, 
which at a mean rate is * 13+ degrees; and then 
in turning the Globe round, obſerve the rifing and 
ſetting of the patches in the Horizon, as the Index 
points out the different times in the hour-circle. 
A few of theſe patches are repreſented by dots at 


III. 


O I 2 3, &c. on the Ecliptic, which has the poſi - Fig. 11K 


tion LUT when Aries riſes in the Eaſt; and by 
the dots © 1 2 3, &c. when Libra riſes in the Eaſt, 
at which time the Ecliptic has the poſition E U N: 
making an angle of 62 degrees with the Horizon 
in the latter caſe, and an angle of no more than 15 
degrees with it in the former; ſuppoſing the Globe 
e to the Latitude of Landon. 

. Having rectified the Globe, turn it until 
tha patch at o, about the begining of * Piſces in 
the half LU T of the Ecliptic, comes to the Eaſtern 
ſide of the Horizon; and then, keeping the ball 
ſteady, ſet the hour- index to XII, becauſe that 
hour may perhaps be more eaſily remembered than 
any other. Then turn the Globe round Welt- 


* The Sun advances almoſt a degree in the Ecliptic in 24 
hours, the ſame way that the Moon moves; and therefore the 
Moon by advancing 134 degrees in that ime goes little more 
than 12 degrees farther from the Sun thai ſhe was on the day 


Lefore. 


ward, 
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ward, and in that time, ſuppoſe the patch o to 
have moved thence to 1, 134 degrees, while the 
Earth turns once round its Axis, and you will fee 
that 1 riſes only about 20 minutes later than o did 
on che day before. Turn the Globe round again, 
and in that time ſuppoſe the ſame patch to have 
moved from 1 to 2 and it will riſe only 20 minutes 
later by the hour-index than it did at 1 on the 
day or turn before. At the end of the next turn 
ſuppoſe the patch to have gone from 2 to 3 at U, 
and it will riſe 20 minutes later than it did at 2. 
And fo on for fix turns, in which time there will 


ſcarce be two hours difference; nor would there 


have been ſo much, if the 6 degrees of the Sun's 
motion in that time had been allowed for. Ar 


the firſt turn the patch riſes South of the Eaſt, 


at the middie turn due Eaſt, and at the laſt turn 
North of the Eaſt. But theſe patches will be 9g 


hours in ſetting on ihe Weſtern fide of the Hori- 


zon, which ſhews that the Moon's ſetting will be 
{ſo much retarded in that week in which ſhe moves 
through theſe two Signs. Theicauſe of this dif- 


ference is evident; for Piſces and Aries make only 


an Angle of 15 degrees with the Horizon when 
they riſe ; but they make an Angle of 62 degrees 
with it when they ſet. As the Signs Taurus, Ge- 
mini, Cancer, Leo, Virgo, and Libra, riſe ſuc- 
ceſlively, the Angle increaſes gradually which they 
make with the Horizon, and decreaſes in the ſame 


proportion as they ſet. And for that reaſon, the 


Moon differs gradually more in the time of her 
riſing every day while ſhe is in theſe Signs, and 


leſs in her ſetting; after which, through the other 


fix Signs, viz. Scorpio, Sagittary, Capricorn, 
Aquarius, Piſces, and Aries, the riſing difference 
becomes leſs every day, until it be at the leaſt of 


all, namely, in Piſces and Aries. 


280, The Mocn goes round the Ecliptic in 27 


days 8 hours: but not from Change to Change in 


leſs than 29 days 12 hours: ſo that ſhe is in Fe 
an 


CO rw a> ms an, ru ads 4 
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and Aries at leaſt once in every Lunation, and in 
ſome Lunations twice. 

281. If the Earth had no annual motion, the 
Sun would. never appear to ſhift his place in the 
Ecliptic. And then every New Moon would fall 
in the ſame ſign and degree of the Ecliptic, and 
every Full Moon in the oppoſite : for the Moon 
would go preciſely round the Ecliptic from Change 
to Change. So that if the Moon were once Full 
in Piſces or Aries, ſhe would always be Full when 
. ſhe came round to the fame Sign and Degree 
again, And as the Full Moon riſes at Sun-ſer 
(becauſe when any point of the Ecliptic ſets, the 
oppoſite point riſes) ſhe would conſtantly riſe within 
two hours of Sun-ſet, on the parallel of London, 
during the week in which ſhe were Full. But in 
the time that the Moon goes round the Ecliptic 
from any conjunction or oppoſition, the Earth goes 
almoſt a Sign forward: and therefore the Sun will 
ſeem to go as far forward in that time, namely, 
271 degrees; ſo that the Moon muſt go 274 de- 
grees more than round, and as much farther as the 
Sun advances in that interval, which is 2 de- 
grees, before ſne can be in conjunction with, or 
oppoſite to the Sun again. Hence it is evident, 
that there can be but one conjunction or oppoſition 
of the Sun and Moon in a year in any particular 
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Moon is al- 
ways Full in 
different 
Signs. 


part of the Ecliptic. This may be familiarly ex- Herperiodi- 


emplified by the hour and minute-hands of a 
watch, which are never in con junction or oppoſition 
in that part of the dial-plate where they were ſo 
laſt before. And indeed if we compare the twelve 
hours on the dial-plate to the twelve ſigns of the 
Ecliptic, the hour-hand to the Sun, and the 


cal and ſy- 
nodical Re- 


volution ex- 


emplified. 


minute-hand to the Moon, we ſhall have a tolera- 


bly near reſemblance in miniature to the motions 
of our great celeſtial Luminaries. The only dif- 
terence 1s, that while the Sun goes once round the 
Ecliptic, the Moon makes 124 conjunctions with 
bim: but while the hour-hand goes round the 

E dial- 
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dial-plate, the minute-hand makes only 11 con- 
junctions with it; becauſe the minute-hand moves 
ſlower in reſpect to the hour-hand than the Moon 
does with regard to the Sun. 
TheHarveſt 282, As the Moon can never be full but when 
| del, Moon., ſhe is oppoſite to the Sun, and the Sun is never 
| in Virgo and Libra but in our autumnal months, 
it is plain that the Moon is never full in the oppo- 
ſite Signs, Piſces and Aries, but in theſe two 
| months. And thercfore we can have only two 
Full Moons in the year, which riſe ſo near the 
time of Sun ſet for a week together, as above- 
mentioned. The former of theſe is called the 
Harveſt-Moon, and the latter the Hunter's Aon. 
| Why the 283, Here it will probably be aſked, why we 
| Moon's fe- never obſerve this remarkable riſing of the Moon 
| gular rig. eee th Piſ. d Ar 
| i- acverper- but in harveſt, ſeeing ſhe is in Piſces and Aries 
ceived bu twelve Times in the year beſides; and mult then 
| in Harveſt. F e a . . 
riſe with as litle difference of time as in harveſt ? 
| The anſwer is plain: for in winter theſe Signs riſe 
at noon; and being then only a Quarter of a Circle 
| diſtant from the Sun, the Moon in them is in her 
| firſt Quarter: but when the Sun 1s above the 
| Horizon, the Moon's riſing is neither regarded 
nor perceived. In ſpring theſe Signs rite with the 
Sun, becauſe he 1s then in them ; and as the Moon 
changeth in them at that time of the year, ſhe 1s 
quite inviüble. In ſummer they rife about mid- 
night, and the Sun being then rhree Signs, or a 


— — — 


Quarter of a Circle before them, the Moon is in 0 
them about her third Quarter; when riſing ſo late, 7 
and giving but very little light, her riſing paſſes 4 
unobſerved. And in autumn theſe Signs, being T7 
oppoſite to the Sun, riſe when he ſers, with the th 
Moon in Oapolition, or at the Full, which makes Gs 
her riſing very conſpicuous. 

ſe 

284. At the Equator, the North and South Bay 
Poles lie in the Horizon; and therefore the Eclip— II. 


tic makes the ſame Angle ſouthward with the Ho- of 
| T1200 
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rizon when Aries riſes, as it does northward when 
Libra riſes. Conſequently, as the Moon at all the 
fore-mentioned patches riſes and ſets nearly at equal 
Angles with the Horizon all the year round, and 
about 5o minutes later every day or night than 


on the preceding, there can be no particular Har- 


veſt-Moon at the Equator, 
285. The farther that any place is from the 
Equator, if it be not beyond the Polar Circle, the 


Angle gradually diminiſhes which the Ecliptic and 
Horizon make when Piſces and Aries riſe: and 


therefore when the Moon is in thele Signs ſhe riſes 
with a nearly proportionable difference later every 


day than on the former; and is for that reaſon the 


more remarkable about the Full, until we come to 
the Polar Circles, or 66 degrees from the Equa- 
tor; in which Latitude the Ecliptic and Horizon 
become coincident every day for a moment, at the 


ſame ſydereal hour (or 3 minutes 56 ſeconds 


ſooner every day than the former), and the very 
next moment one half of the Ecliptic containing 


Capricorn, Aquarius, Piſces, Aries, Jaurus, and 


Gemini, riſes, and the oppoſite half ſets. There- 
fore, while the Moon is going from the beginning 
of Capricora to the beginning of Cancer, which 
is almoſt 14 days, ſhe riſes at the ſame ſydereal 
hour; and in autumn juſt at Sun-ſet, becauſe all 
the half of the Ecliptic, in which the Sun is at 
that time, ſets at the fame ſydereal hour, and the 
oppoſite half riſes ; that is, 3 minutes 56 ſeconds, 
of mean ſolar time, ſooner every day than on the 
day before. So while the Moon is going from 
Capricorn to Cancer, ſhe riſes earlier every day 
than on the preceding; contrary to what ſhe does 
at all places between the Polar Circles. But dur- 
ing the above fourteen days, the Moon is 2 


ſrdereal hours later in ſetting ; for the fix Signs 


which rife all at once on the eaſtern fide of the 
Horizon are 24 hours in ſetting on the weſtern {ide 
of it; as any one may fee by making chalk-marks 
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dial-plate, the minute-hand makes only 11 con- 
junctions with it; becauſe the minute-hand moves 
flower in reſpe& to the hour-hand than the Moon 
does with regard to the Sun. 
TheHarveſt 282, As the Moon can never be full but when 
a een ſhe is oppoſite to the Sun, and the Sun is never 
| in Virgo and Libra but in our autumnal months, 
| it is pfain that the Moon is never full in the oppo- 
fite Signs, Piſces and Aries, but in theſe two 
months. And therefore we can have only two 
Full Moons in the. year, which riſe ſo near the 
time of Sun ſet for a week together, as above- 
| | mentioned. The former of theſe is called the 
| 2 hon, and the latter the Hunter's Moon. 
Why the 283. Here it wil] probably be aſked, why we 
— *- never obſerve this remarkable riſing of the Moon 
1 never per- but in harveſt, ſeeing ſhe is in Piſces and Aries 
ceived but twelve Times in the year beſides; and muſt then 
in Harveſt. . . ; R . 
riſe with as litle difference of time as in harveſt? 
The anſwer is plain: for in winter theſe Signs riſe 
at noon ; and being then only a Quarter of a Circle 
diſtant from the Sun, the Moon in them is in her 
firſt Quarter: but when the Sun is above the 
Horizon, the Moon's riſing is neither regarded 


—— — — 


nor perceived. In ſpring theſe Signs riſe with the 0 

Sun, becauſe he is then in them; and as the Moon ie 

changeth in them at that time of the year, ſhe is h 

quite invible. In ſummer they rife about mid— t. 

night, and the Sun being then three Signs, or a " 

| Quarter of a Circle before them, the Moon is in 0 
* them about her third Quarter; when riſing ſo late, * 
and giving but very little light, her riſing paſſes d: 

unobſerved. And in autumn theſe Signs, being 7 

oppoſite to the Sun, riſe when he ſets, with the th 

Moon in Oppoſition, or at the Full, which makes 1 

her riſing very conſpicuous. in 

284. At the Equator, the North and South 45 

Poles lie in the Horizon; and therefore the Eclip- II. 

tie makes the ſame Angle ſouthward with the Ho- of 
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rizon when Aries riſes, as it does nerthward when 
Libra riſes. Conſequently, as the Moon at all the 
fore-mentioned patches riſes and ſets nearly at equal 
Angles with the Horizon all the year round, and 
about 5o minutes later every day or night than 
on the preceding, there can be no particular Har- 
veſt-Moon at the Equator, 

285. The farther that any place is from the 
Equator, if it be not beyond the Polar Circle, the 
Angle gradually diminiſhes which the Ecliptic and 
Horizon make when Piſces and Aries rife : and 
therefore when the Moon is in thele Signs ſhe riſes 
with a nearly proportionable difference later every 
day than on the former; and is for that reaſon the 
more remarkable about the Full, until we come to 
the Polar Circles, or 66 degrees from the Equa- 
tor ; in which Latitude the Ecliptic and Horizon 

ecome coincident every day for a moment, at the 
ſame ſydereal hour (or 3 minutes 56 ſeconds 
ſooner every day than the former), and the very 
next moment one half of the Ecliptic containing 
Capricorn, Aquarius, Piſces, Aries, J aurus, and 
Gemini, riſes, and the oppoſite half ſets. There- 
fore, while the Moon is going from the beginning 
of Capricora to the beginning of Cancer, which 
is almoſt 14 days, ſhe riſes at the ſame ſydereal 
hour; and in autumn juſt at Sun-ſet, becauſe all 
the half of the Ecliptic, in which the Sun is at 
that time, ſets at the ſame ſydereal hour, and the 
oppoſite half riſes; that is, 3 minutes 56 ſeconds, 
of mean ſolar time, ſooner every day than on the 
day before. So while the Moon is going from 
Capricorn to Cancer, ſhe riſes earlier every day 
than on the preceding; contrary to what ſhe does 
at all places between the Polar Circles. Eut dur- 
ing the above fourteen days, the Moon is 24 
ſy dereal hours later in ſetting ; for the fix Signs 
which riſe all at once on the eaſtern fide of the 
Horizon are 24 hours in ſetting on the weſtern fide 


of it; as any one may fee by making chalk-mar ks 
1 at: 
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at the beginning of Capricorn and of Cancer, and 
then, having elevated the Pole 66 degrees, turn 
the Globe ſlowly round its Axis, and obſerve the 
riſing and ſetting of the Ecliptic. As the begin- 
ning of Aries is equally diſtant from the beginning 
of Cancer and of Capricorn, it is in the middle 
of that half of the Ecliptic which riſes all at once. 
And when the Sun is at the beginning of Libra, 
he is in the middle of the other half. Therefore, 
when the Sun is in Libra, and the Moon in Capri- 
corn, the Moon is a Quarter of a Circle before the 
Sun; oppoſite to him, and conſequently full in 
Aries, and a Quarter of a Circle behind him, when 
in Cancer. But when Libra riſes, Aries ſets, and 
all that half of the Ecliptic of which Aries is the 
middle, and therefore, at that time of the year, the 
Moon riſes at Sun-ſet from her firſt to her third 


uarter. 
The ee 286. In northern Latitudes, the autumnal Full 
eſt Moons - . . 
o Moons are in Piſces and Aries; and the vernal 


regular on 


both fides of Full Moons in Virgo and Libra : in ſouthern La- 
cen titudes, juſt the reverſe, becauſe the ſeaſons are 
contrary. But Virgo and Libra riſe at as ſmall 
Angles with the Horizon in ſouthern Latitudes, 
as Piſces and Aries do in the northern; ard there- 
fore the Harveſt-Moons are jult as regular on one 
| fide of the Equator as on the other. 
287. As theſe Signs, which riſe with the leaſt 
Angles, ſet with The greateſt, the vernal Full 
Moons differ as much in their times of riſing every | 
night, as the autumnal Full Moons differ in their 
times of ſetting; and ſet with as little difference ] 
as the autumnal Full Moons riſe : the one being t 
in all caſes the reverſe of the other. c 
288, Hitherto, for the ſake of plainneſs, we t 
have ſuppoſed the Moon to move in the Ecliptic, I 
from which the Sun never deviates, But the ſ 
Orbit in which the Moon really moves is different 
from the Ecliptic : one halt being elevated 5 de- 


grees above it, and the other half as much de- 
preſſcd 
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preſſed below it. The Moon's Orbit therefore 
interſects the Ecliptic in two points diametrically 
oppoſite to each other; and theſe interſections are 
called the Moons Nodes. So the Moon can never 
be in the Ecliptic but when ſhe is in either of her The Moon's 
Nodes, which is at leaſt twice in every courſe from Ne. 
Change to Change, and ſometimes thrice. For, 

as the Moon goes almoſt a whole Sign more than 
roune her Orbit from Change to Change; it ſhe 
paſſes by either Node about the time of Change, 

ſhe will paſs by the other in about fourteen days 
after, and come round to the former Node two 
days again before the next Change. That Node 
from which the Moon begins to aſcend northward, 

or above the Ecliptic, in northern latitudes, 1s 
called the Aſcending Node; and the other the De- 
ſcending Node, becauſe the Moon, when ſhe paſſes 

by it, deſcends below the Ecliptic ſouthward. 

289. The Moon's oblique motion with regard 
to the Ecliptic cauſes ſome difference in the times 
of her riſing and ſetting from what is already men- 
tioned. For when ſhe is northward of the Eclip- 
tic, ſhe riſes ſooner and ſets later than if ſhe moved 

in che Ecliptic; and when ſhe is ſouthward of the 
Ecliptic, ſhe riſes later and ſets ſooner. This dif- 
ference is variable, even in the ſame Signs, becauſe 
the Nodes ſhift backward about 195 degrees in 
the Ecliptic every year; and fo go round it con- 

trary to the order of Signs in 18 years 225 days. 
290. When the aſcending Node is in Aries, the 
ſouthern half of the Moon's Orbit makes an Angle 
of 3 degrees leſs with the Horizon than the 
Ecliptic does, when Aries riſes in northern Lati- 
tudes : for which reaſon the Moon riſes with leſs 
difference of time while ſhe is in Piſces and Aries, 
than ſhe would do if ſhe kept in the Ecliptic. 
Bur in 9 years and 112 days afrerward, the De- 
ſcending Node comes to Aries; and then the 
Moon's Orbit makes an Angle 53 degrees greater 
with che Horizon when Aries riſes, than the 
. Ecliptic 
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Ecliptic daes at that time; which cauſes the Moon 
to riſe with greater difference of time in Piſces and 
Aries than if ſhe moved in the Eclipric. 

291. To be a little more particular; when the 
Aſcending Node is in Aries, the Angle is only 
95 degrees on the parallel of London when Aries 
But when the Deſcending Node comes to 
Aries, the Angle is 20+ degrees; ; this occaſigns as 
great a difference of the Moon's riſing in the ſame 
Signs every 9 years, as there would be on two pa- 


anot 


Moon's courſe were in the Eclüptic. 
ing Table ſhews how much the Obliquity of the 
Moon's Orbit affects her riſing and ſetting on the 
parallel of London, from the 12th to the 18th day 
of her age; ſuppoſing her to be full at the au— 


| morning, 


tumnal Equinox: 


her, if the 
The follow- 


and then, either in the Aſcend- 


ing Node, higheſt part of her Orbit, Deſcending 
Node, or loweſt part of her Orbir. 


M ſignifies. 
A afternoon : and the line at the foot of 


the Table ſhews a week's difference in riſing and 
ſetting. 


| 23Yy $,U00]Y 


Full in 


her Aſ- 


cending Node. 


Riſes at 
H. M. 


Sets at 
H. M. 


In the 


higheſt 


pt. of her Orbit. 


Kiſes at 
H. M. 


Full in her De- 
ſcending Node. 


Sets at 
H. M. 


Riſes at] Sets at 
H. M. 


in the loweſt 
pt. of her Orbit. 


Riſes at Sets at 


416 
Ol 4 
20] 5 
45] © 

9 7 

30] 9 

52/10 


JI ww oo om 


_ol 


2 301 7 


This Table was not computed, but only eſti- 
mated as near as.could be done from a common 
obe, on which the Moon's Orbit was delineated 


With a black-lead pencil. 


It may at firſt ſight ap- 
| pear 
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pear erroneous; ſince as we have ſuppoſed the 
Moon to be full in either Node at the autumnal 
Equinox, ſhe ought by the Table to riſe juſt at ſix 
o'clock, or at Sun-ſet, on the 1 5th day of her age; 
being in the Ecliptic at that time. But it muſt be 
conſidered, that the Moon is only 144 days old 
when ſhe is Full; and therefore in both caſes ſhe 
is a little paſt the Node on the 1 5th day, being above 
it at one time, and below it at the other. 
292. As there is a compleat revolution of the 
Nodes in 182 years, there muſt be a regular period 
of all the varieties which can happen in the riſing 
and ſetting of the Moon during that time. But 
this ſhifting of the Nodes never affets the Moon's 
riſing ſo much, even in her quickeſt deſcending 
Latitude, as not to allow us ſtill the benefit of her 
riſing nearer the time of Sun-ſet for a few days to- 
gether about the Full in Harveſt, than when ſhe 
is Full at any other time of the year. The follow- 
ing Table ſhews in what years the Harveſt-Moons 
are leaſt beneficial as to the times of their riſing, 
and in what years moſt, from 1751 to 1861. The 
column of years under the letter L are thoſe in 
which the Harveſt Moons are leaſt of all beneficial, 
becaule they fall about the Deſcending Node: and 
thoſe under Mare the moſt of all beneficial, be- 
cauſe they fall about the Aſcending Node. In all 
the columns from N to S“ the Harveſt-Moons de- 
ſcend gradually in the Lunar Orbit, and riſe to leſs 
heights above the Horizon. From & to N they aſ- 
cend in the ſame proportion, and riſe to. greater 
heights above the Horizon. In both the Columns 
under 9, the Harveſt-Moons are in the loweſt part 
of the Moon's Orbit, that is, fartheſt South of the 


Ws, 


The period 
of the Har- 
veſt-Moon. 


Ecliptic; and therefore ſtay ſhorteſt of all above 


the Horizon: in the columns under M, juſt the re- 
verſe. And in both caſes, their riſings, though not 
at the ſame times, are nearly the ſame with regard 
to difference of time, as if the Moon's Orbit were 
coincident with the Ecliptic. 
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N 
1751 
1770 


1788 


1807 
1826 


1844 


1752 
1771 
1789 
1808 
1827 


1845 


1753 
1772 
1790 
1809 
1828 
1846 


17 54 
1773 
1791 
1810 
1829 


1947 


1755 
1774 
1792 
1811 
1830 
1848 


1756 
1775 


1793 
1812 


1831 


1757 
1776 
1794 
1813 
1832 


1849 1850 


1758 
1777 
17 

11 


1833 
1851 


Tears m which the Harwejt-Moons are leaſt beneficial 
L 


125 
1778 
1796 
1815 
1834 


1852 


8 


1797 


Years in which they are moſt beneficial, | 
8 M N | 
1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 
1779 1780 1781 1782 1783 1784 1785 1786 1787 
1798 1799 1800 1801 1802 1803 1804 1805 1806 | 
1816 1817 1818 1819 1820 1821 1822 1823 1824 1925 | 
1835 1836 1837 1838 1839 1840 1841 1842 1843 
— 1854 1885 1950 1857 1888 1859 1860 1861 _ | 


293. At the Polar Circles, when the Sun touches 
the Summer Tropic, he continues 24 hours above 
the Horizon; and 24. hours below it when he 
touches the Winter Tropic. For the ſame reaſon 
the Full Moon neither riſes in Summer, nor ſets 
in Winter, conſidering her as moving in the Eclip- 
tic, For the Winter Full Moon being as high in 
the Ecliptic as the Summer Sun, muſt therefore 

continue as long above the Horizon; and the 
Summer Full Moon being as low in the Ecliptic 
as the Winter Sun, can no more riſe than he does. 
Bat theſe are only the two Full Moons which hap- 
pen about the Tropics, for all the others riſe and 
tet. In Summer the Full Moons are low, and their 
ſtay is ſhort above the Horizon, when the nights are 

ſhort, and we have leaſt occaſion for Moon-light: 
iy Winter they go high, and ſtay long above the 
Horizon, when the nights are long, and we want 
the greateſt quantity of Moon-light. 

294. At the Poles, one alf of the Ecliptic 
conmmuance never ſets, and the other half never riſes: and 
light at the therefore, as the Sun 1s always half a year in de- 
Poles {cribing one half of the Ecliptic, and as long in 

going through the other half, it is natural to ima- 
gine 
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gine that the Sun continues half a year together 
above the Horizon of each Pole in its turn, and 
as long below it; riſing to one Pole when he ſets 
to the other. This would be exactly the caſe if 
there were no refraction: but by the Atmoſphere's 
refracting the Sun's rays, he becomes vifible ſome 
days ſooner, 4 183, and continues ſome days 
longer in fight than he would otherwiſe do: ſo that 
he appears "above the Horizon of either Pole be- 
fore he has got below the Horizon of the other. 
And, as he never goes more than 234 degrees be- 
low the Horizon of the Poles, they have very 
little dark night; it being twilight there, as well as 
at all other places, till the Sun be 18 degrees below 


the Horizon, 8 177. The Full Moon being al- 


ways oppoſite to the Sun, can never be ſeen while 
the Sun is above the Horizon, except when the 
Moon falls in the northern half of her Orbit; for 
whenever any point of the Ecliptic riſes, the op- 


the Horizon of the north Pole from the 2oth of 
March till the 23d of September, it is plain that the 
Moon, when Full, being oppoſite to the Sun, muſt 
be below the Horizon during that half of the year. 
But when the Sun is in the ſouthern half of the 
Ecliptic, he never riſes to the north Pole, during 
which half of the year, every Full Moon happens 
in ſome part of the northern half of the Ecliptic, 
which never ſets. Conſequently, as the polar In- 
habitants never ſee the .Full Moon in Summer, 
they have her always in the Winter, before, at, 
and after the Full, ſhining for 14 of our days and 
nights. And when the Sun 1s at his greateſt de- 
preſſion below the Horizon, being then in Capri- 
orn, the Moon 1s at her Firſt Quarter in Aries, 
dull in Cancer, and at her Third Quarter in 
ibra. And as the beginning of Aries is the 
Filing point of the Ecliptic, Cancer the higheſt, 


Horizon, 


poſite point ſets. Therefore, as the Sun is above 


and Libra the ſetting point, the Moon riſes at her 
Firſt Quarter in Aries, is moſt elevated abore the 
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PLATE Horizon, and Full in Cancer, and ſets at the be- 


VIII. 
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ginning of Libra in her Third Quarter, having 
continued vifible for 14 diurnal rotations of the 
Earth. Thus the Poles are ſupplied one half of 
the winter-time with conſtant Moon-light in the 
Sun's abſence ; and only Joſe fight of the Moon 
from her Third to her Firſt Quarter, while ſhe 
gives but very little light; and could be but of 
little, and ſometimes of no ſervice to them. A 
bare view of the Figure will make this plain; in 
which let & be the Sun, e the Earth in Summer, 
when its north Pole E inclines toward the Sun, 
and E the Earth in Winter, when its north Pole 
declines from him. SEN and NV is the Ho- 
rizon of the north Pole, which is coincident with 
the Equator; and, in both theſe poſitions of the 
Earth, Y S = is the Moon's Orbit, in which 
ihe goes round the Earth, according to the order 
of the letters 256, ABCD. When the Moon 
is at a, ſhe is in her Third Quarter to the Earth 
at e, and juſt riſing to the north Pole 2; at 6 ſhe 
changes, and is at the greateſt height above the 
Horizon, as the Sun likewiſe is; at c ſhe is in her 
Firſt Quarter, ſetting below the Horizon ; and is 
loweſt of all under it at d, when oppoſite to the 
Sun, and her enlightened Side toward the Earth, 
But then ſhe is full in view to the ſouth Pole p; 
which is as much turned from the Sun as the 
north Pole inclines toward him. Thus in our 
Summer, the Moon is above the Horizon of the 


north Pole while ſhe deſcribes the northern half 


of the Ecliptic Y S , or from her Third Quar- 
ter to her Firſt; and below the Horizon during 
her progreſs through the ſouthern halt ; 
higheſt at the Change, moſt deprefled at the Full. 
But in winter, when the Earrh is at E, and its 
north Pole declines from the Sun, the New Moa 
at Dis at her greateſt depreſſion below the Horl 
zon NAS, and the Full Moon at B at her greate 


height above it; riſing at her Firſt Quarter 4 
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and keeping above the Horizon till ſhe comes to 
her Third Quarter C. Art a mean ſtate ſhe is 234 
degrees above the Horizon at B and b, and as 
much below it at D and a, equal to the inclination 
of the Earth's Axis F. S S or 8 V are, as it 
were, a ray of light proceeding from the Sun to 
the Earth; and ſhews that when the Earth 1s at e, 
the Sun is above the Horizon, vertical to the 
Tropic of Cancer; and when the Earth is at E, 
he is below the Horizon, vertical to the Tropic of 
Capricorn, 


CH A P. XVI. 
Of the Ebbing and Flowing of the Sea. 


295. HE cauſe of the Tides was diſcovered 
by KEPLER, Who, in his Iatroduction 10 

the Phyſics of the Heavens, thus explains it:“ The The caſe 
Orb of the attracting power, which is in the Moon, ae 
is extended as far as the Earth; and draws the wa- by Kze- 
ters under the Torrid Zone, acting upon places “““ 
where it is vertical, inſenſibly on confined ſeas and 
bays, but ſenſibly on the ocean, whoſe beds are 
large, and the waters have the liberty of recipro- 
cation; that is, of riſing and falling.” And in the 
7oth page of his Lunar Aſtronomy “ But the cauſe. 
of the Tides of the Sea appears to be the bodies of 
the Sun and Moon drawing the waters of the Sea,” 
This hint being given, the immortal Sir IsAAc Their The- 
NEwro improved it, and wrote ſo amply on the wo hang 
ſubject, as to make the Theory of the Tides in a bie 
Manner quite his own; by diſcovering the cauſe ***7%* 
of their riſing on the ſide of the Earth oppoſite to 
the Moon, For KEPLER believed, that the pre- 
lence of the Moon occaſioned an impulle which 
cauſed another in her ablence. 

296. It has been already ſhewn, Y 106, that the Explained 
power of gravity diminiſhes as the ſquare of the . 
diſbance increaſes; and therefore the waters at , ciples. 


: ON 


220 


Of the Tides. 


PLATE on the ſide of the Earth ABCDEFGH next the 


IX. 


Fig. Zo 


Moon M, are more attracied than the central parts 
of the Earth O by the Moon, and the central parts 
are more attracted by her than the waters on the 


oppoſite fide of the Earth at : and therefore the 


diſtance between the Earth's center 2nd the waters 
on its ſurface under and oppoſite to the Moon 
will be increaſed. For, let there be three bodies 
at H, O, and D : if they are all equally attracted 
by the body M, they will all move equally faſt 
toward 1t, their mutual diſtances from each other 
continuing the ſame. If the attraction of M is un- 
equal, then that body which is moſt ſtrongly at- 
tracted will move faſteſt, and this will increaſe its 
diſtance from the other body. Therefore, by the 
Jaw of gravitation, M will attract H more ſtrongly 
than it docs O, by which the diſtance between N 
and O will be increaſed : and a Spectator on O will 
perceive H riſing higher toward Z. In like man- 
ner, O being more ſtrongly attracted than D, it 
will move farther toward M than D does: conſe- 
cvently, the diſtance between O and D will be 
increaſed ; and a ſpectator on O, not perceiving 
his own motion, will ſee D receding farther from 
him toward 2: all effects and appearances be- 
ing the ſame, whether D recedes from O, or Q 
from D. - 

297. Suppoſe now there is a number of bodies, 
as J, B, C, D, E, V, G, H, placed round O, fo as to 
form a flexible or fluid ring: then, as the whole is 
attracted towards Al, the parts at H and D will 
have their dilance from O increaſed; while the 


parts at B and F, being nearly at the ſame diſtance 


from Mas O is, theſe parts will not recede from 
one another; but rather, by the oblique attraction 
of A, they will approach nearer to O. Hence, 


the fluid ring will form itſelf into an ellipſe 


ZIBLnKFNZ, whole longer Axis 2 O E pro- 
duced will paſs through M, and its ſhorter Axis 


30 F will terminate in B and F. Let the * 
fille 


* 
* 
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filled with fluid particles, ſo as to form a ſphere 
round O; then, as the whole moves toward M, the 
fluid ſphere being lengthened at Z and n, will 
aſſume an oblong or oval form. If M is the 


Moon, O the Earth's center, ABCDEFGH the 


Sea covering the Earth's ſurface, it is evident, by 
the above reaſoning, that while the Earth by its 
gravity falls toward the Moon, the Water directly 
below her at B will ſwell and riſe gradually toward 
her: alſo the Water at D will recede from the 
center | ſtrictly ſpeaking, the center recedes from Di, 
and riſe on the oppoſite ſide of the Earth: while 
the Water at B and F 1s depreſſed, and falls below 
the former level. Hence, as the Earth turns round 
its Axis from the Moon to the Moon again in 244 
hours, there will be two Tides of Flood and two of 
Ebb in that time, as we find by Experience. 

298. As this explanation of the ebbing and 
flowing of the Sea is deduced from the Earth's con- 


ſtantly falling toward the Moon by the power of 


gravity, ſome may find a difficulty in conceiving 
how this is poſhble, when the Moon is full, or in 
oppoſition to the Sun; ſince the Earth revolves 
about the Sun, and muſt continually fall toward 


it, and therefore cannot fall contrary ways at the 


ſame time : or if the Earth is conſtantly falling 
toward the Moon, they muſt come together at 
laſt. To remove this difficulty, let it be conſi- 
dered, that it is not the center of the Earth that 
deſcribes the annual Orbit round the Sun, but 
the & common center of gravity of the Earth and 


Moon together: and that while the Earth is 


* This center 1s as much nearer the Earth's center than the 
Moon's as the Earth is heavier, or contains a greater quantity 
of matter than the Moon, namely, about 40 times. If both 
bodies were ſuſpended on it, they would hang in equizi5rzo, 
So that dividing 240,000 miles, the Moon's diſtance from the 
Earth's center. by 40, the ex:els of the Earth's weight above 
the Moon's, the quotient wi be 6500 mites, Which is the diſ- 
tance of the common center of gravity of the Earth and Moon 
from the Earth's center. 

moving 
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PLATE moving round the Sun, it alſo deſcribes a Circle 

IX. round that center of gravity ; going as many times 

round 1t in one revolution about the Sun as there 

are lunations or courſes of the Moon round the 

Earth in a year: and therefore, the Earth is con- 

ſtantly falling toward the Moon from a tangeat 

to the Circle it deſcribes round the ſaid common 

Tig. II. center of gravity. Let M be the Moon, T WW part 

of the Moon's Orbit, and C the center of gravity 

of the Earth and Moon; while the Moon goes 

round her Orbit, the center of the Earth deſcribes 

the Circle dg e round „ to which Circle gak is a 

tangent: and therefore, when the Moon has gone 

ſrom M to a little paſt I, the Earth has moved 

fromg toe; and in that time has fallen toward 

the Moon, from the tangent at à toe; and fo on, 
round the whole Circle. 

299. The Sun's 1:flucnce in raiſing the Tides is 
but ſmall in compariſon of the Moon's : for though 
the Earth's diameter bears a conſiderable propor- 

tion to its diſtance from the Moon, it is next to 

nothing when compared to its diſtance from the 
Sun. And therefore, the difference of the Sun's 
attraction on the ſides of the Earth under and op- 
poſite to him, is much leſs than the difference of 
the Moon's attraction on the ſides of the Harth un- 
der and oppoſite to her: and therefore the Moon 
muſt raiſe the Tides much higher than they can be 
raiſed by the Sun. 


Why the 200. On this Theory, ſo far as we have ex- 
23 plained it, the Tides ought to be higheſt directly 
when the under and oppoſite to the Moon; that is, when 
Mo the Moon is due north and fouth. But we find, 
dian. that in open Seas, where the water flows freely, 

the Moon Mis generally paſt the north and ſouth 


Meridian, as at p, when it is high water at Z and 


Fi l. at n. The reaſon is obvious; for though the 


Moon's attraction was to ceaſe altogether when ſhe 
was paſt the Meridian, yet the motion of aſcent 


COMMUNI- 


communicated to the water before that time would PLATE 


make it continue to riſe for ſome time after; ; much 


more mult it do ſo when the attraction is only 
diminiſhed : as a little impulſe given to a moving 
ball will cauſe it {till to move farther than other- 
wiſe it could have done. And as experience ſhews, 
that the day is hotter about three in the afternoon 
than when the Sun is on the Meridian, becauſe of 
the encreaſe made to the heat already imparted. 

301. The Tides anſwer not always to the ſame Nor always 
diſtance of the Moon from the Meridian at the 83 
ſame places; but are variouſly affected by the action the ſame di- 
of the Sun, which brings them on ſooner when the n. In 
Moon is in her Firſt and Third Quarters, and keeps. - 
them back later when ſhe is in her Second and * 
Fourth: becauſe, in the former caſe, the Tide raiſed 
by the Sun alone would be earlier than the Tide 
raiſed by the Moon; and in the latter caſe later. 


302. The Moon goes round the Earth in an 
elliptic Orbit, and therefore, in every Lunar 
Month, ſhe approaches nearer to the Earth than her 
mean Aiflance: and recedes farther from it. When spring and 
ſhe is neareſt, ſhe attracts ſtrongeſt, and ſo raiſes “ 74% 
the Tides moſt; the contrary happens when ſhe 
is fartheſt, becauſe of her weaker attraction, When 
both Luminaries are in the Equator, and the 
Moon in Periges, or at her leaſt diſtance from the 
Earth, ſhe raiſes the Tides higheſt of all, eſpecially 
at her Conjunction and Oppoſition; both becauſe 
the equatorial parts have the greateſt centrifugal 
force from their deſcribing the largeſt Circle, and 
from the concurring actions of the Sun and Moon, 

At the change, the attractive forces of the Sun 

and Moon being united, they diminiſh the gravity 

of the waters under the Moon, and their gravity 

on the oppoſite fide is diminiſhed by means of a 

greater centrifugal force. At the Full, while the fig. vr. 

Moon raiſes the Tide under and oppoſite to her, 

the Sun acting in the ſame line, raiſes the Tide 
under 
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under and oppoſite to him; whence their conjoint 
effect is the ſame as at the Change; and in both 
caſes, occaſion what we call the Spring Tides. But 
at the Quarters the Sun's action on the waters at 
O and A diminiſhes the effect of the Moon's action, 
on the waters at Z and N; fo that they riſe a little 
under and oppoſite to the Sun at O and H, and 
fall as much under and oppoſite to the Moon at 
Z and M; making what we call the Neap Tides, 
becauſe the Sun and Moon then act croſs-wiſe to 
each other. But, ſtrictly ſpeaking, theſe Tides 
happen not till ſome time atter ; becauſe in this, 
as in other caſes, & 200, the actions do not produce 
the greateſt effect when they are at the ſtrongeſt, 
but ſome time afterward. 
Not gresteſt 303. The Sun being nearer the Earth in Winter 
= be TO than in Summer, I 205, is of courſe nearer to it 
why. in February and October, than in March and Sep- 
tember; and therefore the greateſt Tides happen 
not till ſome time after the autumnal Equinox, and 
return a liule before the vernal. 
The Tides The Sea being thus put in motion, would con- 
would not tinue to ebb and flow for ſeveral times, even though 
unmecti- 
ately ceaſe the Sun and Moon were annihilated, or their in- 
upon he fluence ſhould ceaſe : as if a baſon of water were 
of the sun agitated, the water would continue to move for 
and Moon. ſome time after the baſon was left to ſtand ſtill. 
Or like a pendulum, which having been put in 
motion by the hand, continues to make ſeveral 
vibrations without any new impulſe. 


The tunar 304. When the Moon is in the Equator, the 

day, what. Tides are equally high in both parts of the lunar 

The Tides 

riſe to une- day, or time of the. Moon's revolving from the 

qual heights Meridian to the Meridian again, which is 24 hours 

in the ſame 

day, and 50 minutes. But as the Moon declines from the 

ws Equator toward either Pole, the Tides are alter- 

nately higher and lower at places having north or 
ſouth Latitude. For one of the higheſt elevations, 
Which is that under the Moon, follows her toward 


3 the 
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the Pole to which ſhe is neareſt, and the other PLATE 


declines toward the oppoſite Pole; each elevation 
deſcribing parallels as far diſtant from the Equator, 
on oppoſite ſides, as the Moon declines from it to 
either ſide; and conſequently, the parallels de- 
ſcribed by theſe elevations of the water are twice 
as many degrees from one another, as the Moon 1s 
from the Equator ; increaſing their diſtance as the 
Moon increaſes her declination, till it be at the 
greateſt, when the ſaid parallels are, at a mean ſtate, 
47 degrees from one another: and on that day, 


the Tides are moſt unequal in their heights. As 


the Moon returns toward the Equator, the parallels 
deſcribed by the oppoſite elevations approach to- 
ward each other, until the Moon comes to the 
Equator, and then they coincide. As the Moon 
declines toward the oppolite Pole, at equal diſ- 
tances, each elevation deſcribes the ſame parallel 
in the other part of the lunar day, which its oppo- 
fite elevation deſcribed before. While the Moon 
has north declination, the greateſt Tides in the 
northern Hemiſphere are when ſhe is above the 
Horizon; and the reverſe while her declination is 


ſouth. Let NE S Q be the Earth, NCS its 15 . 


Axis, E 2. the Equator, 7 S the Tropic of Cancer, 


„ the Tropic of capricorn, @ 6 the arctic Circle, 
ed the antarctic, N the north Pole, S the ſouth 
Pole, M the Moon, F and G the two eminencies of 
Water, whoſe loweſt parts are at a and d (Fig. * 
at N and 8 (Fig. IV.) and at & and c (Fig. V.) 
always 99 degrees from the higheſt. Now when 
the Moon is in her greateſt north declination at 


M, the higheſt elevation G under her, is on the pig. 11. 


Tropic of Cancer, T , and the oppoſite elevation 
Fon the Tropic of Capricorn, ; and theſe two 
elevations deſcribe the Tropics by the Earth's 
diurnal rotation. All places in the northern He- 
miſphere E NQ have the higheſt Tides when they 
come into the poſition + s Q, under the Moon; 
and the loweſt Tides when the Earth's diurnal 

= ' rotation 
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PLATE rotation carries them into the poſition a T E, on 
the fide oppoſite to the Moon; the reverſe happens 
at the ſame time in the ſouthern Hemiſphere 
E S Q, as is evident to fight, The Axis of the 
Tides @ Cd has now its Poles à and d (being always 
go degrees from the higheſt elevations) in the 
arctic and antarctic Circles; and therefore it is 
plain, that at theſe Circles there is but one Tide 
of Flood, and one of Ebb, in the lunar day. For, 
when the point @ revolves half round to b, in 12 
lunar hours, it has a tide of Flood; but when it 
comes to the ſame point à again in 12 hours more, 

Fig. IV. jt has the loweſt Ebb. In ſeven days afterward, 
the Moon M comes to the equinoctial Circle, and 
is over the Equator E A, when both elevations 
deſcribe the Equator; and in both Hemiſpheres, 
at equal diſtances from the Equator, the Tides are 
equally high in both parts of the lunar day. The 

Tig. v. whole Phenomena being reverſed, when the Moon 
has ſouth declination, to what they were when 
her declination was north, require no farther de- 
{cription. - 

305. In the three laſt-mentioned figures, the 
Earth is orthographically projected on the plane of 
the Meridian; but in order to deſcribe a particular 
Phenomenon, we now project it on the plane of 
the Ecliptic. Let AZ O N be the Earth and Sea, 

Fig. vI. FED the Equator, 7 the Tropic of Cancer, C 
the arctic Circle, P the north Pole, and the Curves 

I, 2, 3, Cc. 24 Meridians, or Hour- circles, inter- 
ſecting each other in the Poles; AG M is the 
Moon's Orbit, S the Sun, M the Moon, Z the 


When ba Water elevated under the Moon, and I the oppo- 


1:des are 
equalizhigh ſite equal Elevation. As the loweſt parts of the 


Ns ee Water are always go degrees from the higneſt, 
rice at un- When the Moon is in either of the Tropics (as at 
ag MM) the Elevation Z is on the Tropic of Capricorn, 
Time; andand the oppoſite Elevation N on the Tropic of 
vic wee. Cancer; the low-water Circle HCO touches the 

polar Circles at C, and the high-water Circle 


ETP6 
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ATP s goes over the Poles at P, and divides 
every parallel of latitude into two equal ſegments. 
In this caſe the Tides upon every parallel are 
alternately higher and lower; but they return in 
equal times: the point T, for example, on the 
Tropic of Cancer (where the depth of the Tide is 
repreſented by the breadth of the dark ſhade) has 
a ſhallower Tide of Flood at T, than when it re- 
volves half round from thence to 6, according to 
the order of the numeral Figures; but it revolves 
as ſoon from 6 to T as it did from Tro 6. When 
the Moon is in the Equinoctial, the Elevations Z 
and N are transferred to the Equator at O and H, 
and the high and low-water Circles are got into 
each other's former places; in which caſe the 
Tides return in vnequal times, but are equally 
high in parts of the lunar day : for a place at 
1 (under D) revolving as formerly, goes ſooner 
from 1 to 11 (under F) than from 11 to 1, be- 
cauſe the parallel it deſcribes is cut into unequal 
ſegments by the high-water Circle HCO : but the 
points 1 and 11 being equidiſtant from the Pole 
of the Tides at C, which is directly under the Pole 
of the Moon's Orbit MG A, the Elevations are 
equally high in both parts of the day. 


306. And thus it appears, that as the Tides 
are governed by the Moon, they muſt turn on the 
Axis of the Moon's Orbit, which is inclined 23+ 
degrees to the Earth's Axis at a mean ſtate: and 
therefore the Poles of the Tides muſt be ſo many 
degrees from the Poles of the Earth, or in oppo- 
ſite points of the polar Circles, going round theſe 
Circles in every lunar day. It is true, that accord- 
ing to Fig. IV, when the Moon is vertical to the 
Equator EC 9, the Poles of the Tides ſeem to 
fall- in with the Poles of the World N and &; but 
when we conſider that FG A is under the Moon's 
Orbit, it will appear, that when the Moon is over 
H, in the Tropic of Capricorn, the north Pole of 
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the Tides (which can be no more than go degrees 
from under the Moon) muſt be at C in the arctic 
Circle, not at P, the north Pole of the Earth; 
and as the Moon aſcends from H to G in her Orbit, 
the north Pole of the Tides muſt ſhift from c to 4 
in the arctic circle, and the ſouth Pole as much in 
the antarctic. 

It is not to be doubted, but that the Earth's 
quick rotation brings the Poles of the Tides nearer 
to the Poles of the World, than they would be if 
the Earth were at reſt, and the Moon revolved 
about it only once a month ; for otherwiſe the 
Tides wauld be more unequal in their heights, and 
times of their returns, than we find they are. Bur 
how near the Earth's rotation may bring the Poles 
of its Axis and thoſe of the Tides together, or 
how far the preceding Tides may affect thoſe 
which follow, ſo as to make them keep up nearly 
to the ſame heights, and times of ebbing and flow- 
ing, is a problem more fit to be ſolved by obſerva- 
tion than by theory, 


To know at 307. Thoſe who have opportunity to make 
what times Obſervations, and chooſe to ſatisfy themſelves whe- 

pet the ther the Tides are really affected in the above 

ereſt 219 manner by the different poſitions of the Moon, 

eſpecially as to the unequal times of their returns, 
may take this general rule for knowing when they 
ought to be ſo affected. When the Earth's Axis 
inclines to the Moon, the northern Tides, if not 
retarded in their paſſage through Shoals and Chan- 
nels, nor affected by the Winds, ought to be 
greateſt when the Moon is above the Horizon, leaſt 
waen ſhe is below 1t; and quite the reverſe when 
the Earth's Axis declines from her: but in both 
caſes, at equal intervals of time. When the 
Farth's Axis inclines ſidewiſe to the Moon, both 
Tides are cquaily high, but they happen at unequal 
intervals of time. In every Lunation the Earth's 

Axis inclines once to the Moon, once from her, 
1 and 
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and twice ſidewiſe to her, as it does to the Sun 


every year: becauſe the Moon goes round the 


Ecliptic every Month, and the Sun but once in a 
year. In Summer, the Earth's Axis inclines to- 
ward the Moo when New; and therefore the 
day-tides in the north ought to be higheſt, and 
night-rides loweſt, about the Change: at the Full 
the reverſe. At the Quarters they ought to be 
equally high, but unequal in their returns; becauſe 
the Earth's Axis then inclines ſidewiſe to the Moon. 
In Winter, the Phenomena are the ſame at Full- 
Moon as in Summer at New. In Autumn, the 
Earth's Axis inclines ſidewiſe to the Moon when 
New and Full; therefore the Tides ought to be 
equally high and unequal in their returns at theſe 
times. At the Firſt Quarter, the Tides of Flood 
ſhould be leaſt when the Moon is above the Hori- 
Zon. greateſt when ſhe is below it; and the reverſe 
at her Third Quarter. . In Spring, the Phenomena 
of the Firſt Quarter anſwer to thoſe of the Third 
Quarter in Autumn; and vice verſd. The nearer 
any time is to either of theſe ſeaſons, the more the 
Tides partake of the Phenomena of theſe ſeaſons ; 
and in the middle between any two of them the 
Tides are at a mean ſtate between thoſe of both. 
309. In open Seas, the Tides riſe but to very 
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Why the 
Tides riſe 


ſmall heights in proporiion to what they do in higher in 
wide-mouthed rivers, opening in the Direction of than 


the Stream of Tide. For, in Channels growing 
narrower gradually, the water 1s accumulated by 
the oppoſition of rhe contracting Bank. Like a 
gentle wind, little felt on an open plain, but ſtrong 
and briſk in a ſtreet; eſpecially if the wider end 
of the ſtreet be next the plain, and in the way of 
the wind. 


n the Sea. 


309. The Tides are fo retarded in their paſſage The Tiles 


through different Shoals and Channels, and other— 1 
wiſe ſo variouſly affected by ſtriking againſt Capes ine Mon 


and Headlands, that to diiferent places they hap- 8 4 


pen at all diſtances of the Moon from the Meridian different 


Q 3 conſe- places, and 


Why. 
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conſequently at all hours of the lunar day. The 
Tide propagated by the Moon in the German 
Ocean, when ſhe is three hours paſt the Meridian, 
takes 12 hours to come from thence to London- 
bridge ; where it arrives by the tigge that a new 
Tide is raiſed in the Ocean. And therefore when 
the Moon has north declination, and we ſhould 
expect the Tide at London to be greateſt when the 
Moon is above the Horizon, we find it is leaſt; 
and the contrary when ſhe has ſouth declination. 
At ſeveral places it 1s high-water' three hours be- 
fore the Moon comes to the Meridian; but that 
Tide which the Moon puſhes as it were before 
her, is only the Tide oppoſite to that which was 
raiſed by her when ſhe was nine hours paſt the op- 
poſite Meridian. 
The Water 310. There are no Tides in Lakes, becauſe they 
never ris are generally ſo ſmall, that when the Moon is 
= vertical ſhe attracts every part of them alike, and 
therefore by rendering all the water equally light 
no part of it can be raiſed higher than another, 
The Mediterranean and Baltic Seas have very ſmall 
elevations, becauſe the Inlets by which they com- 
municate with the Ocean are ſo narrow, that they 
cannot, in fo ſhort a time, receive or diſcharge 
enough to raiſe or ſink their ſurfaces ſenſibly. 


The Moon 31T. Air being lighter than Water, and the 
33 ſurface of the Atmoſphere being nearer to the 
Moon than the ſurface of the Sea, it cannot be 
doubted that the Moon raiſes much higher Tides 

in the Air than in the Sea. And therefore many 

have wondered why the Mercury does not ſink in 

the Barometer when the Moon's action on the 
particles of Air makes them lighter as ſhe paſſes 

Why the Over the Meridian. But we muſt conſider, that 
Mercury in ag theſe particles are rendered lighter, a greater 
meter ij nt umber of them is accumulated, until the defi- 
affected by ciency af gravity be made up by the height of the 
Tide. column; and then there is an equilibrium, and con- 
- ſequently 
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ſequently an equal preſſure upon the Mercury 


as before; ſo that it cannot be affected by the 
rial Tides. 


CHAP, XVIII. 


Of Eclipfes : Their Number and Periods. A large 
Catalogue of Ancient and Modern Eclipſes. 


312. VERY Planet and Satellite is illumi- A madow 
nated by the Sun, and caſts a ſhadow . 

toward that point of the Heavens which is oppo- 

fite to the Sun. This ſhadow is nothing but a 

privation of light in the ſpace hid from the Sun 

by the opake body that intercepts his rays. 

313. When the Sun's light is ſo intercepted by Eclipſes of 
the Moon, that to any place of the Earth the Sun es 
appears partly or wholly covered, he is ſaid to what. 
undergo an Eclipſe; though, properly ſpeaking, 
it is only an Eclipſe of that part of the Earth where 
the Moon's ſhadow or * Penumbra falls. When 
the Earth comes between the Sun and Moon, the 
Moon fails into the Earth's ſhadow ; and havin 
no light of her own, ſhe ſuffers a real Eclipſe from 
the interception of the Sun's rays. When the Sun 
is eclipſed to us, the Moon's Inhabitants on the 
fide next the Earth (if any ſuch there be) ſee her 

| ſhadow like a dark ſpot travelling over the Earth, 
about twice as faſt as its equatorial parts move, 
and the ſame way as they move. When the Moon 
is in an Eclipſe, the Sun appears eclipſed to her, 
total to all thoſe parts on which the Earth's ſhadow 
falls, and of as long continuance as they are in the 
thadow. 

314. That the Earth is ſpherical (for the hills A proofthat 

take off no more from the roundneſs of the Earth, en 


than grains of duſt do from the roundneſs of a ho globular 
. 28 1 185. 
* The Penumbra is a faint kind of fhadow all around the 
: perfect ſhadow ot the Planet or datellite, and will be more tuily 
5 explained by and by. 
B Q 4 common 


232 | Of Echpſes. 


common Globe) is evident from the figure of its 
ſhadow on the "Moon 3 ; which is always bounded 
by a circular line, although the Earth is inceſſantly . 
turning its different fides to the Moon, and very 
ſeldom ſhews the ſame fide to her in different 
Eclipſes, becauſe they ſeldom happen at the ſame 
hours, Were the Earth ſhaped like a round flat 
plate, its ſhadow would only be circular when 
either of its ſides directly faced the Moon; and 
more or leſs elliptical as the Earth happened to be 
turned more or Jeſs obliquely toward the Moon 
when ſhe is eclipſed. The Moon's different Phaſes 
prove her to be round, § 254; for, as ſhe keeps 
ſtill the ſame fide toward the Earth, if that ſide 
were flat, as it appears to be, ſhe would never be 
viſible from the Third Quarter to the Firſt; and 
from the Firſt Quarter to the Third, ſhe would ap- 
pear as round as when we ſay ſhe is Full : becauſe 
at the end of her Firit Quarter the Sun's light would 
come as ſuddenly on all her fide next the Earth, as 
i: does on a flat wall, and go off as abruptly at the 
end of her Third Quarter. 
And tht 315. If the Earth and Sun were equally big, 
| tier the Earth's ſhadow would be infinitely extended, 
than the and all of the ſame bulk; and the Planet Mars, 
H 4 in chher of its Nodes and oppoſite to the Sun, 
much les. would be eclipſed in the Earth's ſhadow. Were 
| the Earth bigger than the Sun, its ſhadow would 
| increaſe in bulk the farther it extended, and would 
| _ eclipſe the great Planets, Jupiter and Saturn, with 
; all their Moons, when they were oppoſite to the 
Sun. But as Mars in oppoſition never falls into 
the Earth's ſhadow, although he is not then above 
42 millions of miles from the Earth, it is plain 
that the Earth is much leſs than the Sun; for 
f otherwiſe its ſhadow could not end in a point at 
| {> ſmall a diſtance, If the Sun and Moon were 
[ equally big, the Moon's ſhadow would go on tg 
| the Earth with an equal breadth, and cover a por- 
tion of the Earth's ſurface more than 2000 miles 
| broad, 
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broad, even if it fell directly againſt the Earth's 
center, as ſeen from the Moon; and much more 

| if it fell obliquely on the Earth : but the Moon's 
! ſhadow is ſeldom 150 miles broad at the Earth, 
: unleſs when it falls very obliquely on it 1n total 
Eclipſes of the Sun. In annular Eclipſes, the 
Moon's real ſhadow ends in a point at ſome diſ- 
tance from the Earth. The Moon's ſmall diſtance 
from the Earth, and the ſhortneſs of her ſhadow, 
prove her to be leſs than the Sun. And as the 
Earth's ſhadow is large enough to cover the 
Moon, if her diameter were three times as large as 
it is (which is evident from her long continuance _ 
in the ſhadow when ſhe goes through its center), 
it is plain that the Earth is much bigger Han the 
Moon. 

316. Though all opake bodies on which the The pri- 
Sun ſhines have their ſhadows, yet ſuch is the n' nde 
bulk of the Sun, and the diſtances of the Planets, eclipſe ons 
that the primary Planets can never eclipſe one 2 
another. A Primary can eclipſe only its Secon- 
dary, or be eclipſed by it; and never but when in 
oppoſition or conjunction with the Sun. The pri- 
mary Planets are very ſeldom in theſe poſitions, 
but the Sun and Moon are fo every month: whence 
one may imagine that theſe two Luminaries ſhould 
be eclipſed every month. But there are few 
Ecliptes in reſpect of the number of New and Full 
Moons; the reaſon of which we ſhall now explain. 

317. If the Moon's Orbit were coincident with Why there 
the Plane of the Ecliptic, in which the Earth al- Tapes. 
ways moves, and the Sun appears to move, the 
Moon's ſhadow would fall upon the Earth at every 
Change, and eclipſe the Sun to fome parts of the 
Earth. In like manner the Moon would go 
through the Middle of the Earth's ſhadow, and be 
eclipſed at every Full; but with this difference, 
that ſhe would be totally darkened for above an 
hour and an half; whereas the Sun never was above 
tour minutes totally eclipſed by the interpoſition 


of 
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bo of the Moon. But one half of the Moon's Orbit 


is elevated 5 degrees above the Ecliptic, and the 
other half as much depreſſed below it: conſe- 


_ quently, the Moon's Orbit interſects the Ecliptic 


in two oppoſite points called the Moon's Nodes, as 
has been already taken notice of, 8 288. When 
theſe points are in a right line with the center of 
the Sun at New or Full Moon, the Sun, Moon, 
and Earth, are all in a right line; and if the Moon 
be then New, her ſhadow falls upon the Earth; 


if Full, the Earth's ſhadow falls upon her. When 


Limits of 
Echipſes. 


the Sun and Moon are more than 17 degrees from 


either of the Nodes at the time of Conjundtion, 


the Moon is then generally too high or too low in 
her Orbit to eaſt any part of her ſhadow upon the 
Earth. And when the Sun is more than 12 de- 


grees from either of the Nodes at the time of Full 


Moon, the Moon is generally too high or too low 
in her Orbit to go through any part of the Earth's 
ſhadow: and in both theſe caſes there will be no 
Eclipſe. But when the Moon is leſs than 17 de- 
grees from either Node at the time of Conjunction, 
her ſhadow or Penumbra falls more or leſs upon 


the Earth, as ſhe is more or leſs within this 


limit * And when ſhe is leſs than 12 degrees 
from either Node at the time of Oppoſition, ſhe 
goes through a greater or leſs portion of the Earth's 
thadow as ſhe is more or leſs within this limit. 
Her Orbit contains 360 degrees, of which 17, the 
limit of ſolar Ecliples on either fide of the Nodes, 
and 12, the limit of lunar Eclipſes, are bur ſmall 
portions: and as the Sun commonly paſles by the 
Nodes but twice in a year, it 38 no Wonder that 


* This admits of ſome variation: for, in apogeal Eclipſes, 
the ſolar limit is but 165 degrees; and in perigeal Eelipſes it 
is 182 —— When the Full Moon is in her Apogee, the will 
be eclipſed if the be within 104 degrees of the Node ; and 
when ſhe is full in her Perigee, the will be eclipſed if the be 
within 12 3 degrees of the Node. 
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Eclipſes. 


To illuſtrate this, let ABCD be the Ecliptic, rig. 1. 


RSTU a Circle lying in the ſame Plane with the 
Ecliptic, and YW XY the Moor's Orbit, all thrown 
into an oblique view, which gives them an ellipri- 
cal ſhape to the eye. One half of the Moon's 
Orbit, as H A, is always below the Ecliptic, and 
the other half XZ above it. The points V and 
X, where the Moon's Orbit interſects the Circle 
RSTU, which lies even with the Ecliptic, are the 
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we have ſo many New and Full Moons without rLArE x. 


Moon's Nodes; and a right line, as X EY, drawn, Line of the 


from one to the other, through the Earth's center, 
is called the Line of the Nodes, which is carried al- 
molt parallel to itſelf round the Sun in a year. 

If the Moon moved round the Earth in the Or- 
bit RSTU, which is coincident with the Plane of 
the Veliptig, her ſhadow would fall upon the Earth 
every time ſhe is in conjunction with the Sun, and 
at every oppoſition ſhe would go through the 
Earth's ſhadow. Were this the caſe, the Sun would 
be eclipſed at every Change, and the Moon at 
every Full, as already mentioned. 

But although the Moon's ſhadow N muſt fall 
upon the Earth at a, when the Earth is at E, and 
the Moon in conjunction with the Sun at 7, becauſe 
ſhe is then very near one of her Nodes; and at 
her oppoſition n ſhe muſt go through the Earth's 
ſhadow I, becauſe ſhe is then near the other Node; 
yet, in the time that ſhe goes round the Earth to 
her next Change, according t9 the order of the 
letters AM, the Earth advances from E to e, 
according to the order of the letters EF GAH, and 
the line of the Nodes V ZE X being carried nearly 
parallel to itleif, brings the pont f of the Moon's 
Orbit in conjunction wiih the Sun at that next 
Change; and then the Moon being at /, is too 
nigh above the Celioſie to cat ner ſhadow on the 
Earth: and as e Karti is dil moving forward, 
tne Moon at her ncat oppolition will be at g, too 

| far 
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LA x. far below the Ecliptic to go through any part of 
the Karth's ſhadow; for by that time the point g 
will be at a conſiderable diſtance from the Earth 
as {een from the Sun. 

When the Earth comes to F, the Moon in con- 
junction with the Sun E is not at &, in a Plane coin- 
cident with the Ecliptic, but above it at I in the 
higheſt part of her Orbit: and then the point 6 of 
her fhadow O eocs far above the Earth (as in 
Fig. II. which is an edge view of Fig. I.). The 

el ν Moon at her next 0; "poſition is not 15 o (Fig. I.) 

A Ns at IV, where the Harth's ſhadow goes far above 

her (as in Fig. II.). In borh theſe cafes the line of 

. the Nodes VFA (Fig. I.) is about go degrees from 

. the Sun, and both Luminaries are as far as poſſible 

| rom the limits of Eclipſes. 

When the Earth has gone half round the Eclip— 
tic from E to G, the line of the Nodes VG I ts 
nearly, if not exactly, directed towards the Sun at 
| J; and then the new Meon / caſts her ſhadow ? 
i" on the Earth G; and the Full Moon p goes through 
ine Eartit's ſhadow L; which brings on Ecliples 
again, as when the Earth was at E. | 

When the Earth comes to I, the New Moon 
falls not at in a ory coincident with the Ecliptic 
CD, but at 1. in her Orbit below it: and then 
her ſhadow 2 (ee Fig. II.) goes far below the 
Farth. At the next Full ſhe is not at q (Fig. I.) 
but at 7 in her Orbit 35 degrees above , and at 
her greateſt height above the Ecliptie CD; being 
then as far as pollible, at any oppoſition, from the 
Earth's ſhadow M (as in Fig. II.). 

So, when the Earth is at E and G, the Moon is 
about her Nodes at New and Full; and in her 
greatelt north and {9th Decl. nation (or Latitude as 
it is generally called) from the Ecliptic at her 
Quarters : but when the Earth is at For V, the 
Moon is in her ercateſt 972þ and ſcuth Declination 
from the Eclipric at New and Full, and in the 
Nodes about her Quartcrs, 


318. The 
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318, The point X where the Moon's. Orbit PLATE x. 
croſſes the Ecliptic is called the Aſcending Node, be- ae 


cauſe the Moon aſcends from it above the Ecliptic: and de- 
and the oppoſite point of interſection is called the "ms 
Deſcending Node, becauſe the Moon deſcends from 

it below the Ecliptic. When the Moon is at 2 in ter north 
the higheſt point of her Orbit, ſhe is in her great- dz 
eſt arch Latitude; and when ſhe is at V in he 
loweſt point of her Orbit, ſhe is in her greateſt 

ſouth Latitude. 

319. If the line of the 8 like the Earth's The Noa 
Axis, were carricd parallel to itſelf round the Sun f nee 
there would be juſt half a Vear between the con- mation. 
junctions of the Sun and Nodes. But the Nodes 
mift backward, or cantrary to the Earth's annual 
motion, 195 degrees every year; and therefore the Fig. I. 
ſane Node comes round to the Sun 19 days ſooner 
every year than on the year before, Conſequently, 
from the time that the alcending Nede X (when 
the Earth is at L) paſſes by the Sun as ſeen from 
the Earth, it is only 173 days (not half a year) 
till the deſcending Node T paſſes by him. There- 
fore, in whatever time of the year we have Ecliples en 
of the Luminaries about either Node, we may be n nies 
ſure that in 173 days afterward we ſhall hare ere 
Eelipſes about the other Node. And when at any Sa pa 
time of the year the line of the Nodes is in the be f the 
ſituation TG A, at the ſame time next year it will ct rg 
be in the ſituation rGs; the aſcending Node hay- mon 
ing gone backward, that is, contrary to the order 
of Signs, from A to g, and the deſcending Node 
from to 7; each 194 degrees. At this rate the 
Nodes ſhift through all the ſigns and degrees of 
the Ecliptic in 18 years and 225 days; in which 
time there would always be a regular period of 
Eclipſes, if any compleat number of Lunations 
were finiſhed without a fraction. But this new 
happens; for if both the Sun and Mon mould 
ſtart from a line of conjunction with either of the 
Nodes in any point of the Leliptie, the Sun would 


perform 
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(perform 18 annual revolutions and 222 degrees 
over and above, and the Moon 230 Lunations and 
— 85 degrees of the 23 1ſt, by the time the Node 

| came round to the ſame point of the Ecliptic 
'again: ſo that the Sun would then be 138 degrees 
'from the Node, and the Moon 85 degrees from the 
Sun. | 
A pericdot 320. But, in 222 mean Lunations, after the 
e. Sun, Moon, and Nodes, have been once in a line 
of conjunction, they return ſo nearly to the ſame 
ſtate again, as that the ſame Node, which was in 
conjunction with the Sun and Moon at the begin- 
ning of the firſt of theſe Lunations, will be within 
28' 12” of a degree of a line of conjunction with 
the Sun and Moon again, when the laſt of theſe 
Lunaticns is compleated. And therefore, in that 
time, there will be a regular period of Eclipſes, 
or return of the ſame Eclipſe, for many ages.—In 
this period (which was firſt diſcovered by the 
Chaldeans) there are 18 Julian years 11 days 7 
hours 43 minutes 20 ſeconds, . when the laſt day 
of February in Leap-years is four times included: 
but when it is five times included, the period con- 
ſiſts of only 18 years 10 days 7 hours 43 minutes 
20 ſeconds. Conſequently, if to the mean time 
of any Eclipſe, either of the Sun or Moon, you 
add 18 Julian years 11 days 7 hours 43 minutes 20 
ſeconds, when the laſt day of February in Leap- 
years comes in four times, or a day leſs when it 
comes in five times, you will have the mean time 
of the return of the ſame Eclipſe. | 
Baut the falling back of the line of conjunctions 
or oppoſitions of the Sun and Moon 2+' 12” with 
reſpe to the line of the Nodes in every period, 
will wear it out in proceſs of time; and after that, 
it will not return again in leſs than 12492 years.— 
Theſe Eclipſes of the Sun, which happen about 
the Aſcending Node, and begin to come in at the 
North Pole ot the Earth, will go a little ſouther!y 


at each return, till they go quite off the Earth at 
the 
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the South Pole; and thoſe which happen about 


the deſcending Node, and begin to come in at 


the South Pole of the Earth, will go a little nor- 
therly at each return, till at laſt they quite leave 
the Earth at the North Pole. 

- To exemplify this matter, we ſhall firſt conſider 
the Sun's Eclipſe, March 2 1ſt Old Stile (April 1t 
New Stile) A. D. 1764, according to its mean 
revolutions, without equating the times, or the 
Sun's diſtance from the Node; and then according 
to its true equated times. 

This Eclipſe fell in the open ſpace at each 
return, quite clear of the Earth, ever ſince the 
creation till A. D. 1295, June 13th Old Stile, at 
12h. 52 m. 59 ſec. poſt meridiem, when the Moon's 
ſhadow firſt touched the Earth at the North Pole; 
the Sun being then 17 48' 27“ from the Aſcend- 
ing Node.—In each period ſince that time, the 


Sun has come 28” 12“ nearer and nearer the ſame 
Node, and the Moon's ſhadow has therefore gone 


more and more ſoutherly.—In the year 1962, July 
18th Old Stile, at 10h. 36 m. 21 ſec. p. m. when 
the ſame Eclipſe will have returned 38 times, the 
Sun will be only 24' 45” from the Aſcending 
Node, and the center of the Moon's fhadow will 
fall a little northward of the Earth's center. At 
the end of the next following period, A. D. 1980, 
July 28th Old Stile, at 18h. 19 m. 41 ſec. p. m. 
the Sun will have receded back 3“ 27” from the 
Aſcending Nade, and the Moon will have a very 
mall degree of ſouthern Latitude, which will cauſe 
the center of her ſhadow to pals a very ſmall matter 
louth of the Earth's center. —Afrer which, in 
every following period, the Sun will be 28“ 12“ 
farther back from the Aſcending Node than in 
the period laſt before; and the Moon's ſhadow will 


go ſtill farther and farther ſouthward, until Sep- 


tember 12th Old Stile, at 23 h. 46 m. 22 ſec. p. n. 
A. D. 2665; when the Eclipſe will have com- 
pleated its 77th periodical return, and will go 

quite 
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quite off the Earth at the South Pole (the Suri 
being then 17* 55“ 22“ back from the Node); and 
it cannot come in at the North Pole, fo as to begin 
the ſame Courſe over again; in leſs than 12492 
years afterward. —And ſuch will be the caſe of 
every other Eclipſe of the Sun: for as there is 
about 18 degrees on each fide of the Node within 
which there is a pothbility of Eclipſes, their whole 
revolution goes through 36 degrees about that 
Node, which, taken from 360 degrees, leaves re- 
maining 324 degrees for the Eclipſes to travel in 
exparſum. And as this 36 degrees is not gone 
through in lefs than 77 periods, which takes up 
1383 years, the remaining 324 degrees cannot be 
fo gone through in leſs than 12492 years. For, 
as 36 is to 1388, ſo is 324 to 12492. 

321. In order to ſhew both the mean and true 
times of the returns of this Eclipſe, through all its 
periods, together with the mean Anomalics of the 
Sun and Moon, at each return, and the mean and 
true diſtances of the Sun from the Moon's aſcend- 


ing Node, and the Moon's true Latitude at the 


true time of each New Moon, I have calculated 
the tollowing Tables for the ſake of thoſe who may 
choote to project this Eclipſe at any of its returns, 
according to the rules laid down in the XVth 
Chapter; and have by that means taken by much 
the gre ateſt part of tae trouble off their hands.— 
All the times arc ob ro the Old Stile, for the 
ſake of a regularity which, with reſpect to the 
nominal days of the Meats does not take place 
in the New: but by adding the days difterence of 
Stile, they are reduced to the times which agree 
with the New Stile. 

According to the mean (or. ſuppoſed equable) 
morons of the Sun, Moon, and Nodes, the Moon's 
andi in this Echiple would hare firit rouched the 
at che North Pole, on the 13th of June, 

12 2955 at” $3 1 52 m. 59 ſec. paſt Noon on 
n of London; and would quite leave the 


Earth 
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Earth at the South Pole, on the 12th of September, 


A. D. 2665, at 23 h. 46 m. 22 ſec. paſt Noon, at 
the completion of its 77th period ; as ſhewn by 
the firſt and ſecond Tables, 

But, on account of the true (or unequable) mo- 
tions of the Sun, Moon, and Nodes, the firſt 
coming in of this Eclipſe, at the North Pole of the 
Earth, was on the 24th of June, A. D. 1313, at 
3 h. 57 m. 3 ſec. paſt Noon; and it will finally 
leave the Earth at the South Pole, on the ziſt of 
July, A. D. 2593, at 10 h. 25 m. 31 ſec. paſt 
Noon, at the completion of its 72d period; as 
ſhewn by the third and fourth Tables.—So that 


the true motions do not only alter the true times 


from the mean, but they alſo cut off five periods 
from thoſe of the mean returns of this Eclipſe, 


R TABLE 
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ABLE I. Ihe mean Time of New Moon, vith the mean Anomalies of the' 
| Sun and Moon, and the Sun's mean Diſtance fiom the Moon's Aſcending 
Nede, at the mean Time of eacb periodical Return of the Sun's Eclipſe, 
March 21/2, 1764, from its fit coming upon the Earth ſince the Creation, 
till i falls right againſt the Harth's center, according to the Old Stile. 
X | _ <| Mean Time of | Sui's mean | Moon's mean{Sun's mean Diſt 
5 2128] New Moon. | Anomaly. | Anomaty. |from the Node 
= 82. 8 a 4 FR 
* 21” S]Month P. H. VI. 8. o ' [8 o' ”|s 07 ” 
* — | — -- — 
0 1277 Tune 2 5 9 391 17 / 4 1 26 31 42 © 18 16 40 
I 1 [1295|june 13 12 52 59/11 28 27 38] 1 23 40 19 0 17 48 27 
2 |1313jJune 23 20 36 190 8 57 35] 1 20 48 56| 0 17 20 15 
3 Ji 33ziſuly 5 4 19 30 0 19 27 32] 1 17 57 3500 16 52 2 
4 1349 uly 15 12 2 89 © 29 57 29] 1 15 6 10 © 16 23 50 
5 [1367}July 20 19 46 19] 1 10 27 26] 1 12 14 4/0 15 55 37 
6 38 5[Aug. 6 3 29 39 1 20 57 23 1 9 23 24| © 15 27 25 
7 [1403]Aug. 17 11 12 50% 2 127 2c| 1 6 32 1| © 14 59-12 
8 j1421]Aug. 27 18 56 19 2 11 57 17] 1 3 40 38| © 14 31 o 
9 [1439;Sept. - 8 2 39 39] 2 22 27. 14] 1. © 49 15 0 14 2 47]. 
10 [1457;Sept. 18 10 2. 591 3 2 57 11/0 27 57 52] © 13 34 35 
11 11475Sept. 29 18 6 19 3 13 27 o 25 6 29 0 13 6 22 
1-12 fro Oct. 10 1 40 30 3 23 57 5 0 22 1 6 12 38 10 
. t ö5rtOcd. 21 9 32 500 4 4 % 20 19 23 43 0 12 9 57 
14 1529 Oct. 31 17 16 19] 4 14 50 59% 0 16 32 200 © 11 41 45 
15 [547][Nov. 12 © 59 40 4 25 26 56| 0 13 40 5% 0 11 13 32 
16 |156;5]Nov. 22 8 43 of 5 $5 56 53] © 10 49 34] 0.10: 45 20 
17 1583 Dec. 3 16 26 20 5 16 26 5c 7 58 gf o 10 17 7 
18 for Dec. 14 0: 9 400 5 26-50 47% 5 6 480 0. 9 48 55 
19 1619 Dee. $0 7-09 6 7 260 44] 0-3 18 24-0; 9.20 42 
20 [1638!Jan. . 4 15 39 20j 6 17 86 41/11 29 24 200 8 52 30 
21 |16;6jſan. 15 23 19 40] 6 28 26 3801 26 32 390 8 24 17 
22 [1674|ſan, 20. / 3 7 8:50 35hr 23:41 140 7 56 5 
23 fr Feb. © 14 46 20] 7 19 26 3-111 20 49 530 7 27 52 
24 [1710jFeb. 16 22 29 40| 7 29 50 29/711 17 58 300% 6 59 40 
25 [1728|Feb. 28 6 13 of 8 10 20 26011 15 7 7o 6 31 27 
26 [1746|Mar. 10 13 56 20] 8 20 56 23/11 12 15 4440 6 3 15 
27 [t764|Mar. 20 21 29 40] 9 1 26 eit 9 24 21] © 5 3 2 
28 [ry Sap 1 5 23 o 9 11 50 171 6 32 5800 5 9 50 
29 [18c[3pr. 1113 6 20} 22 2014/11 3 41 3500 4 38 37 
| 30 [1818] a pr. 22 20 49 40010 2 56 1111 © 50 1200 4 10 25 
31 8 3e[May 3 4 33 910 13 26 80 27 58 49% 3 42 12 
32 [18 May 14 12 16 20/10 23 50 ft 25 7 2000 3 14 © 
33 187 [Nlay 24 19 59 40011 4 20 210 22 16 310 2 45 47 
34 [i8gcſjure 5 3 43 9,11 14 55 5870 19 24 4 © 2 17 35 
35 [igof[June 15 11 26 20,11 25 25 56/10 16 33 17] O 1 49 22 
26 1 0 June. 26 19 9 49, © 5 55 57119 13 41 54% 121 10 
37 [1944] > 7. 2 53 9/0 16 25 50/10 10 50 3110 © 52 57 
| 28 [1962 ſtlv 18 to 26 21 O 26 68, 4710 7 £9 810 24 45 
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TABLE II. T7 he mean Time of New uu, d ihe mean Ang:aites of tt 
| Sun and Moon, and the Sun's mean Diſiauce from the Moon's djcending Node, 
| at the mean Time of each periodical Return of the Sun's Ecliꝑſe, March 21/ 
: 1764, from the mean Time of its Falling right againſt the Kart s Center, 
2 till it finally leaves the Earth according to the Julian or Old CI. 
5 ER FS. Mean Tune of | ums mean | Moon's meanſsun's mean Dit 
{ 2 = > | New Moon Anomaly. Anomaly. from the Neve. 
4 3819883 : —_ 
* SMonth. D. H. M. S. 3 ᷑ œ% TCH a TT. 
: 39 1989; july 28 18 19 41 1 7 25-440. 5 7451 29 56 -33 
| | 40 199 8/Aug. 9 2 3 1| 1 17 55 4/10 2 10 22111 29 28 29 
41 [z01 Aug. 19 9 46 21] 1 28 25 3o| 9 29 24 59/1 29 o 8 
42 [2034 Aug. 30 17 29 41] 2 8 55 30, 9 26 33 30/11 28 3t 55 
43 12952;Sept-. 10 1 13 JU 2 1925 3340 23.42 1311.28 3:43 
| 14 20% Sept. 21 8 56 21] 2 29 55 32| 9 20 50 It 27 35 38 
; 45 2068 Oct. 1 16 39 411 3 10 25 27917 592711 27 7 18 
46 2100;0R, 13 0 23 II 3 20 55 24| 9 15 8 at 26 39 5 
4 24 Oct. 23 8 6 2] 4 1 25 219 12 16 44011 26 10 53 
48 [2142 NOV. 3 15 49 41] 4 11 55 i} 9 9 25 18011 26 42 40 
49 fz 100, Nov. 13 23 31 / 4 22 25 15/9 33 56/1 25 14 28 
50,178 Nov. 25 7 16 21 5 2 55 129 3 42 33111 24 46 15 
51 [2196 Dec, 5 14 59 41] 5 13 25 J 9 © 51 11 24 18 3 
52 14 Dec, 16 22 43 1 5 23 55 78 2/7 59 47111 23 49 50 
53 23 Dec. 27 6 26 2106 4 25 4/8 25 8 24011 23 21 38 
„ies, 7 9 4 6 14 5 8 22 17 1/11 22 63 26 
55 220908 an. 17 21 53 1/6 25 24 5808 19 25 38011 22 16 £2 
| 56 228 an. 29 5 30 217 5 54 55/8 16 311501 21 57 © 
57 12305|Feb. - 8 13 19 41| 7 16 24 52 8 13 42 52111 21 28 48 
58 2323 Feb. 19-37-23 - 11/5 20 $4 49] 3 19: $1 2911-21 0:48 
50 12341]Mar, 2 4 46 21 8 95 24540 8-9 -:0 9 r 20 32 23 
60 2350 lar. 13 12 29 42] 8 17 54 4? 9:6 --9 43011 20 4 10 
| 61 23/7 lar. 23 20 13 21 8 26 24 4 8 2 17 20/11 19 35 38 
2 [239 5][Apr. 4 3 56 221 9 8: 64 37 7 29 25 5717 19 7 
63 12413jApr. 14 11 39 420 9 19 24 34| 7 26 34 34/1 18 39 23 
64 243 10Apr. 25 19 23 2 9 29 54 31] 7 23 43 11411 18 11 25 
6s 2440 May 6 3 6 22110 10 24 28| 5 29 51 47617 17 43 8 
66 240% May 17 10 49 420 20 64 25| 7.18. 26511 17 14 54 
7 EAN May 27 18 33 2jt1 1 24 22 7 15 9 21 16,40 453 
68 2593) une 8 2 16 221 1 11 $4 19] 7 12 17 391 16 18 31 
69 [25210 une 18 9 50 42;11 22 24 17] 7 9 26 Ott 15 $9 8 
70.-[25391june 20 17 43 0 2 64 141-7 6 34 5h 15 22 6 
:1-126571]uly 10 1 26 22] 0 13 24 1 7: 3 43 301 14 63 54 
72 Aer eg 9 0 23 54 7 852 711 14 25 41 
i ao zi 106 53 4 24 5 6 28 0 44 13 57 28 
74 EeiiAug : 12 0 36 22] 1 14 54 2 6 25 ) 211 13 29 16 
I 75: [z02g|Aug. 22 8 19 42] 1 25 23 50 6 22 17 580ʃ11 13 1 3 
76 5647 ept. 2 16 3 20 2 5 53 5% © 19 26 38] 12 32 51 
ig ept 12 23 40 221 2 16 2 35 „ 1311-14. 4.39 
— — 5 1 ny e ee 
R 2 TAL 
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ITABLE 


III. The true Time of New Moon, 
on the Moon's A(cending Node, and the Moon's true Latitude, at the true 


with the Sun's true Diſtance) 


Moons, 
the Moon's ſhadow 


3 in this Fable than in the fri. 


Time of each periodical Retur of the Sun's Aclipſe, March 21 1, Ola Stile, 
A. D. 1764, from the Time of its firſt coming upon the Earth fince the 
Creation till it falls right againſt the Earth's Center. 

* F< True Time of | Sun's true Diſt. [Moon's true Latitude, 

3 8122 New Moon. from the Node. North. 

3 *. Month. D. H. M. 8. Ps © „„ of PIR En 
o [129;}June 13 21 54 37] © 18 40 54 1 33 45 N. A. 
1 13130 une 24 3 57 3 9 1) 20 22] 1 29 34 N. A. 
2 142331 uly 5 10 4 8 5 16 20 3 25: 20 „ 
3 1340 fuly 15 17 14 151 © 18 34 -4.-:20:-..45 N. A. 
4 1307|July 20 23 49 24 „ 4006-04 16 39 N. A. 
c 1385 Aug. © 5 4117-9: 13 59 J 12 43 N. As 
6 1403[Aug. 17 13 32 198 13 10 41 99 3 N. A. 
7 1421 Aug 27 20 3017 C N. A. 
8 1430 Sept. 8 3 5 40 S 436.134 5-3-4 N. A. 
9 (1457 Pept 18 10.23. 11] 9-27: 39 274-9 „ 
10 1475 Bept. 29 17 57 7 c n N. A. 
11 14903 Oct. 10 1 44 3 6 4041 ß N. A. 
12 511) ct 21 9 20 1 1110 54 28 N. A. 
13 14. $29, Oct. 3117 9 18 oO 10 11 2 9 53 12 N. A. 
ia 1847/0 1 9 51 Cũ 137 19 As 
15 1565 Co. 22 $54 5 9 8 2 ct 46 N. A. 
10 183 bec. 8 16 48 170 9 43-4 & 5 1 N. A. 
17 1001 Dees. 4 95 St O 9 43 42 Oo 50 49 N. A. 

18 1610 Dec. 28 8 54 50 &..:.9-. 490-23} L 50 31 N. A. 
10 1639 fan. 4 16 56 0 9 VV N. A. 

IX 1656 jrie 10. 0 54 41 2 9 29 2440 49 57 N. A. 

21 1674, au. 268 48 24 8 9 19 44 48 44 N. A. 

22 1692 Feb. © 16 36 28 O 9 8 58 9 47 49 N. A. 

23 [i710\Feb. 13 © „ 40 44 N. A. 
34 1728 Feb. 28 7 43 4909 8 34 54 2 44 2 N. A. 

25 1740 Mar. 10 16 14 334. 8 10 398 2 46 N. A- 

201764 Mar. 20 24 30 206 71 4. 144 © 40 18 N. A. 
27 1780 Apr. 1 7 8 4 9 27 37 28 N. As 

26 1180o|APre 11 12 36 3 © 7 34-30 

29 18180[Apr. 22 19 27 34 . 4810 39 43 N. A. 

30 1836 A 3 9 5 59 20 49 N. A. 

+ 18 4% 14 8 co 4d © + 19 450 22 42 N. A. 

32 185 2|May 24 15 28:14 9 3 26 310 i „ A. 

33 1899]) une 4 22 8 0 2 35 5 @: 433 + 3* N. A. 

34 |1928june 18 . 43] 0. -# $4; A. 

Zs 11g2b]ſune_20 11 13 0: C735 410 Ne 


6 —_—— — 
n account Or Lic 
ind between the Sun's mean and true dit 


falls even with the Earth 


differences between The mean and true New 


A 


tances from the Node, 
' center two prey 
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"ABLE IV. The True Time of New Moon, with the Sun's true Dance 
from the Moon's Aſcending Node and the Moon's true Latitud- at each perio- 
dical Return of the Sun's Ecliffe, March 2 f, Old Stile, a. D 1764, from 
its falling right againſt the Earth's Center, till it finally leaves the Earth. 


— 7 _ <| True Time of [Sun's true Diſt. [Moon's true Latitude 
Z 2. Q 2 New Moon. from the Node. South. 
38422 1.—— — 
7 2 ® 2|Month.D. MENT , ĩͤ ©. oe 
30 [1944|July 6 17 50 3601 29 55 280 o 24 8. A. 
37 ji902j}July -198 0 31 3% 29 2 3610: 5 9 8. As 
38 ]:980ſJuly 28 7 18 531 28 11 320 9 29 8. A. 
39 998 Aug. 8 14 12 2211 27 26 410 13 25 8. A. 
40 20 16Aug. 18 21 14 531 26 42 16] © 17 18 S. A. 
41 j2034jAug.. 30 4 25 451 26 2 %% 20 48 8. A. 
42 [2052jSept. 9 11 45 17] 1 25 26 4600 23 53 S. A. 
43 j2070[Sept. 20 19 17 260611 24 55 40 26 39 S. A. 
44 2088 lt. 1 2 57 8811. 24 27 430 28 58 8. A. 
45 [z106]Oct. 12 10 47 39jit 24 4 380 31 2 8. A. 
46 [2124]0ct. 22 18 37 40011 23 48 2800 32 26 8. A. 
47-12 1424Nove- 3 2 66 19]. 23 38 10 33 53 S. A. 
48 [2160[Nov. 13 11 11 20011 23 22 22] © 34 42 8. A. 
49 178 Nov. 24 19 36 14% 23 18 57] © 35 o 8. A. 
50 fie Dee, 5 4 4 91 23 14 49] 0 35 22 S. A. 
51 2214 Dec. 16 12 35 48011 23 10 430 35 43 S. A. 
52 2232 [Dec. 26 20 29 girl 23 G 4910-30 8. A 
$3-1225rfJan.. 7 5 42 ii 23 4 27 0 36 16 8. A. 
64 12209j}at.. 17 14 14 it 23 0 40 36 35 8. A. 
55 2287] lan. 28 22 43 341 22 53 5800 37 10 8. A. 
56 230 f5[Feb. 8 7 8 3ojtt 22 44 440 37 50 8. A. 
57 2323[Feb. 19 15 7 10,11 22 31 1 39 8 8. A. 
58 34 i Mar. 2 % 6 fr 22 17 460 40 28 8. A. 
59 [235% Mar. 13 7 59 17/1 21 55 29 42 9 8. A. 
60 2377 Mar. 23 15 51 590% 21 39 40] © 43 41 S. A. 
01. 239 5Aępr. 3 23 45 9111: 21 63 0 46 88 8. A. 
62 2413[Apr. 14 7 32 40011 20 26 22 0 49 48 8. A. 
03 243 iHApr. 25 15 12 5/19 47 34 0 5 17 S. A. 
04 2440 May 5 22 45 14% 19 6 22 0 56 50 S. A. 
05 a r 6% zent 19 2 161 40 8. A. 
60 [2485] May 27 13 46 2901 7 34 2001 4 42 8. A. 
67 Jz503tJune- 7 21 ic zin: 16 43 f 9 3 8. A. 
8 2521 [[une 18 4 24 4½l 156 51 480 1 13 26 8. A. 
69 2539] [une 29 11 58 4001 15 1 12 1 17 43 8. A. 
ee, e n een eee 8. A, 
71 Ae 27 - 2:2 en -13.-29 22] x 26 16 8. A. 
72 [2593[ſuly 31 10 25 zii 1 13 431-1 31 44 8. A. 
-: 0:j201rJAug. 11 17 58 30% 11 45 1 36 12 8. A. 


By tne true Motions ot the Sun, Moon, 
goes off the Earth four Periods ſooner than it would have done by 
mean equavle Motions, 


and Nodes, this 1.C:1pe 


. 
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Fron Mr. © To illuſtrate this a little farther, we ſhall exa- 
<> oth * mine ſome of the molt remarkable circumſtances 
on Edlipfes,** of tlie returns of the Eclipſe which happened 
396 by + 7uly 14, 174*, about noon, This Eclipſe, after 
F. Cave, inc tray: the voids of ſpace from thc Creation, 
rp . Hat laſt began to enter the Terra Auſtralis Incog- 
nien, about 88 vears after the Conqueſt, which 
was the lat of King STEPHEX's reign 3 every 
Chaid:an * period it has crept more northerly, 
but was ſtill inviſible in Britain before the year 
622; whcn on the zoth ot April it began to 
e touch the ſouth parts of Exglond Hout 2 in the 
afternoon: its central appearance 1ifing in the 
ce American Scuth Seas, and traverſing Peru and 
the Amazon's country, through the Atlantic oc en 
into rica, and ſetting in e E 10ptunm conti—- 
ent, not far from the beginning of the Red Sea, 
&« lis next Viſible period was after three Chaldcan 
revolations in 1676, on the firſt of June, riſing 
« central in the Atlantic ocean, paſſing us about 
« 9 in the morning, with four + Digits eclipſed on 
© the under limb; and ſetting in the gulph of Co- 
& chinchina in the Eaſt Indies. 

* It being now near the Solſtice, this Eclipſe 
was viſible the very next return in 1694, in the 
evening; and in two periods more, which was 
in 1730, on the 4th of July, was ſeen above half 
eciipied juſt after Sun-riſe, and obſerved both 
at FViitembery in Germany, and Pekin in China, 
& toon after which it went off. ; 

“ Kiohteen years more afforded us the Eclipſe 
which fell on the 14th of July, 1748. 

„Ihe next viſible return will happen on 7uly 
«25, 1766, in the evening, about four Digits 
6 eclipied ; and after two periods more, on Auguſt 


£5 


* The above period of 18 years 11 days 7 hours 43 mi- 
nutes 20 leconds, which was found out by the Chald:ans, and 
by them called Saus. | 

+ A Digit is a tw..{th part of the diameter of the Sun or 
Aron. 
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"i 


Of Eclip/es. 
16th, 1802, early in the morning, about five 
„Digits, the center coming from the north frozen 
* continent, by the capes of Norway, through 
& Tartary, China, and Japan, to the Ladrone 
e iſlands, where it goes off. 


© Again, in 1820, Auguſt 26, betwixt one and 


6e two, there will be another great Eclipſe at London, 
% about 10 Digits; but happening ſo near the 
* Equinox, the center will leave every part of 
« Britain to the Weſt, and enter Germany at Emb- 


* den, paſſing by Venice, Naples, Grand Cairo, and 


c ſet in 5 gulph of Baſſora near that city. 

et will be no more viſible till 1874, when five 
© Digits will be obſcured (the center being now 
* about to leave the Earth) on September 28. In 
* 1892 the Sun will go down eclipſed at London, 
* and again in 1928 the paſſage of the center will 
* be in the expanſum, though there will be two 
*f Digits eclipſed at London, October the 31ſt of 
* that year; and about the year 2090 the whole 
« Penumbra will be wore off; whence no more 
returns of this Eclipſe can happen till after a re- 
** volution of 10 thouſand years. 


cc From theſe remarks on the intire revolution 


. 


* 


of this Eclipſe, we may gather, that a thouſand 
* years, more or leſs (for there are ſome irregula- 


© rities that may protract or lengthen this period 


* 100 years), complete the whole terreſtrial Phe- 
© nomena of any fingle Eclipſe : and ſince 20 pe- 
* riods of 54 years each, and about 33 days, com- 
prehend the entire extent of their revolution, it 
* js evident that the times of the returns will pals 


La) 


through a circuit of one year and ten months, 


* every Ghaldean period being ten or eleven days 
later, and of the equable appearances about 32 
* or 33 days. Thus, though this Eclipſe happens 


© about the middle of July, no other ſubſequent 


“ Eclipſe of this period will return to the middle 
«of the ſame month again 3 * but wear, conſtantly 


* each period 19 or 11 days forward; and at lat 
14 | © appelr 
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* appear in Winter, but then it begins to ceaſe 
“from affecting us. Kee 
* Another concluſion from this revolution may 
* be drawn, that there will ſeldom be any more 
than two great Eclipſes of the Sun in the interval 
* of this period, and theſe follow ſometimes next 
return, and often at greater diſtances. That of 
*© 1715 returned again in 1733 very great; but 
this preſent Eclipſe will not be great till the 
« arrival of 1820, which is a revolution of four 
* Chaldean periods: ſo that the irregularities of 
ce their circuits muſt undergo new computations 
| * to aſſign them exactly. 
1 Nor do all Eclipſes come in at the ſouth Pole: 
14 * that depends altogether on the poſition of the 
1 * lunar Nodes, which will bring in as many from 
| the expanſum one way as the other: and ſuch 


F % Eclipſes will wear more ſoutherly by degrees 
1 * contrary to what happens in the preſent caſe. 
4 | <* The Eclipſe, for example, of 1736, in Sep- 


© ?ember, had its center in the expanjum, and ſet 
about the middle of its obſcurity in Britain; it 
© will wear in at the North Pole, and in the year 
26000, or thereabout, go off in the expanſum on 
* the ſouth ſide of the Earth. 1 
„The Eclipſes therefore which happened about 
* the Creation are little more than half way yet 
of their ethereal circuit; and will be 4000 years 
© before they enter the Earth any more. This 
grand revolution ſeems to have been entirely 
* unknown to the ancients. 
yo 322. It is particularly to be noted, that Eclipſes 
ble axree © which have happened many centuries ago, will 
noe © not be found by our preſent Tables to agree ex- 
ferritions, © aftly with ancient obſervations, by reaſon of the 
ce great Anomalies in the lunar motions ; which 
Appears an inconteſtable demonſtration of the 
© non-eternity of the Univerſe. For it ſeems con- 
«© firmed by undeniable proofs, that the Moon now 
ce finiſhes her period in leſs time than 9 
* an 
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« and will continue by the centripetal law to ap- 
e proach nearer and nearer the Earth, and to go 
& ſooner and ſooner round it: nor will the centri- 
ce fugal power be ſufficient to compenſate the dif- 
ce ferent gravitations of ſuch an aſſemblage of bo- 
« dies as conſtitute the ſolar ſyſtem, which would 
© come to ruin of itfelf, without ſome new regula- 
tion and adjuſtment of their original motions *. 
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323. We are credibly informed from the teſti- Tua 
* mony of the ancients, that there was a total Fete 


« Eclipſe of the Sun predicted by THñALES to hap- 
pen in the fourth year of the 48th + Olympiad, 
either 


* There are two ancient Eclipſes of the Moon, recorded by 
Ptolemy from Hipparchus, which afford an undeniable proof of 
the Moon's acceleration. The firſt of theſe was obſerved at Ba- 


 bylon, December the 22d, in the year before CHRIST 383: when 


the Moon began to be eclipſed about halt an hour betore the 
San roſe, and the Eclipſe was not over before the Moon ſet: 
bat by moſt of our Aſtronomical Tables, the Moon was et at 
Bahylon half an hour before the Eclipſe began; in which caſe, 
there could have been no poſſibility of obſerving it. The ſe- 
cond Eclipſe was obſerved at Alexandria, September the 22d, the 
„ear before CHRIST 201; where the Moon roſe ſo much eclip- 
ted, that the Eclipſe muſt have begun about half an hour before 
ſhe roſe: whereas, by moſt of our Tables, the beginning of 
this Eclipſe was not till about ten minutes after the Moon roſe 
at Alexandria, Had theſe Eclipſes begun and ended while the 
Sun was below the Horizon, we might have imagined, that as 
the ancients had no certain way of meaſuring time, they might 
have been fo far miſtaken in the hours, that we could not have 
laid any ſtreſs on the accounts given by them. But, as in the 
brit Eclipſe the Moon was ſet, and conſequently the Sun riſen, 
before it was over; and in the ſecond Eclipſe the Sun was ſet 
and the Moon not riſen, till ſome time after it began: thete are 
ſoch circumſtances as the obſervers could not poſſibly be nuſtaken 
in. Mr. S:ruyh, in the following Catalogue, notwitkſianding 
tne expreſs words of Ptolemy, puts down theſe two Eclipſes 
az obſerved at Athens; where they might have been ſeen as 
above, without any acceleration of the Moon's motion : Athens 
Wa ng 20 degrees Weſt of Babylon, and 7 degrees Welt of Alec- 
andria, 

+ Each Olympiad began at the time of Full Moon next after 
the Summer Solitice, and laſted four years, which were of un- 
equal lengths, becauſe the time of Full Moon differs 11 days 
every year: ſo that they might ſometimes begin on the next 

7 day 


thoſe days. 
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& either at Sardis or Miletus in A/ia, where THaLrs 
c then reſided. That year correſponds to the 
* 585th year before Chriſt ; when accordingly 
5 there happened a very ſignal eclipſe of the Sun, 
* on the 28th of May, anſwering to the preſent 
© toth of that month“, central through North 
& America, the ſouth parts of France, Haly, &c. as 
„far as Athens, or the Iſles in the AÆgean Sea; 
c which is the fartheſt that even the Caroline Tables 
& carry it; and conſequeutly make it inviſible to 
« any part of Ala, in the total character; though 
© I have good reaſons to believe that it extended 
* to Babylon, and went down central over that city. 
„ We are not however to imagine, that it was ſet 


day after the Solſtice, and at other times not till four weeks 
aſter ii. Ihe firſt Olympiad began in the year of the Julian Pe- 


riod 3938, which was 776 years before the firſt year of CHRIST, 
or 775 before the year of his birth; and the laſt O/ympiad, which 


was the 293d, began A. D. 393. At the expiration of each 
Olympiad, the Olympic Games were celebrated in the Elean fields, 
near the river Alpheus in the Peloponneſus (now Morea) in honour 


of Juri TEN OLyMPUs, SzeSTRAUCH1US'S Breviarium Cbro. 


uologicum, p. 247 —25% Ie 

The reader may probably find it difficult to underſtand 
why Mr. SmiTH ſhould reckon this Eclipſe to have been in the 
4'h year of the 48th Olympian, as it was only in the end of the 
third year: and alſo why the 28th of May, in the 585th year 
before CHRIT, ſhould anſwer to the preſent 10th of that month. 


But we hope the following explanation will remove theſe difficul- 


ties. 
The month of May (when the Sun was eclipſed) in the 58 5th 


ear before the firſt year of CHRIST, which was a leap-year, 
fell in the latter end of the third year of the 48th Olympiad; 
and the fourth year of that Olympiad began at the Summer 
Solſtice following: but perhaps Mr. SMITH begins the year of 
the Olympiad from January, in order to make them correſpond 
more readily with Julian Years ; and fo reckons the month of 
May, when the Eclipſe happened, to be in the fourth year of that 
Olympiad, 5 

The Place or Longitude of the Sun at that time was 8 209 
431)“, to which fame place the ſun returned (after 2300 
years, viz.) 4. D. 1716, on May 9d 5h bn after noon: ſo 
thi, wich relpect io tae Sun's place, the gth of May, 1716, 
anſwers to the 28th of May in the 585th year before the firſt year 
of CyrIsT ; chat is, the Sun had the ſame Longitude on both 
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ce hefore it paſſed Sardis and the Afratic towns, 
« where the predictor lived; becauſe an inviſible 
« Eclipſe could have been of no ſervice to demon- 
« ſtrate his ability in Aſtronomical Sciences to his 
«© countrymen, as it could give no proof of its 
6 reality. 


324. © For a further illuſtration, TaucyYDIDES Taver- 
ah relates, that a ſolar Eclipſe happened on a Sum- pipe 


© mer's day in the afternoon, in the firſt year of 
&« the Pe/oponnefian war, ſo great, that the Stars ap- 
* peared, Rropivs was victor in the Olympic 
games the fourth year of the ſaid war, being alſo 
« the fourth of the 87th Olympiad, on the 428th 
« year before CHRIST. So that the Eclipſe muſt 
© have happened in the 431ſt year before CHRIT H; 
* and by computation it appears, that on the gd 
of Aug ſt there was a fignal Eclipſe which would 
© have palled over Athens, central about 6 in the 
* evening, but which our prefent Tables bring no 
* farther than the ancient Syrtes on the African 
* coaſt, above 400 miles from Athens; which 
* ſullering in that caſe but g Digits, could by no 


> © means exhibit the remarkable darkneſs recited 
© © by this hiſtorian; the center therefore ſeems to 


( have paſſed Athens about 6 in the evening, and 
1 Probably might go down about Jeruſalem, or 
near it, contrary to the conſtruction of the pre- 
W © ſent Tables. I have only obviated theſe things 
© by way of caution to the preſent Aſtronomers, 
in re-computing ancient Eclipſes ; and refer them 
to examine the Ecliple of Nic:as, fo fatal to the 
© © Athenian fleet* ; that which overthrew the Ma- 
( cedonian Army , &c.” So far Mr. SMITH. 


325. In any year, the number of Eclipſes of both The num- 
Luminaries cannot be leſs than two, nor more than berof Ecdlip- 


1 ſes. 
ſexen; the moſt uſual number is four, and it is 


very rare to have more than ſix. For the Sun 
paſſes by both the Nodes but once a year, unleſs 


* Before CHRIS 413, Auguſt 27. 
4 Before CHRIST 168, June: 21. 


he 
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he paſſes by one of chem in the beginning of the 
year; and if he does, he will paſs by the ſame Node 
again a little before the year be finiſhed ; becauſe 
as theſe points move 194. degrees backward every 
year, the Sun will come to either of them 173 days 
after the other, & 319. And when either Node is 
within 17 degrees of the Sun at the time of New 
Moon, the Sun will be eclipled. At the fubſe- 
quent oppoſition, the Moon will be eclipſed in the 
other Node; and come round to the next conjunc- 
tion again ere the former Node be 17 degrees paſt 
the Sun, and will therefore eclipſe him again, 
When three Eclipſes fall about either Node, the 
like number generally falls about the oppoſite ; as 
the Sun comes to it in 173 days afterward ; and 
ſix Lunations contain but four days more. Thus 
there may be two Eclipſes of the Sun and one of 
the Moon about each of her Nodes. But when the | 
Moon changes in either of the Nodes, ſhe cannot] 
be near enough the other Node at the next Full] 
to be eclipſed ; and in ſix lunar months afterward Þ 
ſhe will change near the other Node: in theſe caſes þ 
there can be but two Eclipſes in a year, and they 
are both of the Sun. 
325, A longer period than the above mentioned, 
d 320, for comparing and examining Eclipſes which] 
happened at long intervals of time, is 557 years 21 
days 18 hours 30 minutes 11 ſeconds, in which Þ 
time there are 6890 mean Lunations : and the Sun 
and Node meet again ſo nearly as to be but 11 ſe-Þ 
conds diſtant ; but then it is not the ſame Eclipſe Þ 
that returns, as in the ſhorter period above-men- 
tioned. ; 
327. We ſhall ſubjoin a catalogue of Eclipſe: 


recorded in hiſtory, from 721 years before Cars Bt 
to A. D. 1485; of computed Eclipſes from 1485 
to 1700; and of all the Eclipſes viſible in Europe 
from 1700 to 1800, From the beginning of the 
Catalogue to A. D. 1485, the Eclipſes are taken 
from STRUYK's Introduction to univerſal GeograP!), 

by 
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o 1660; Among which, Stadius, Maſtlin, and Ma- 


ginus, 


© as that indefatigable author has, with much labour, An acconne 
© | 3 collected them from Ptolemy, Thucyaides, Plutarch, re 
e Caluiſius, Xenophon, Diodorus Siculus, Juſtin, Polybius, talogue of 
TS Titus Livius, Cicero, Lacanus, Theophanes, Dion "= 
'* 3 Caſſius, and many others. From 1485 to 1700 the 
Eclipſes are taken from Ricciolus's Almageſt : and 
from 1700 to 1800 from L'Art de verifier les Dates. 
© 3 Thoſe from Struyk have all the places mentioned 
ne FF where they were obſerved : "Thoſe from the French 
authors, viz. the religious Benedictines of the Con- 
alt gregation of Sr. Maur, are fitted to the Meridian of 
m. Paris: And concerning. thoſe from Ricciolus, that 
he author gives the following account: 
as * Becauſe it is of great uſe for fixing the Cycles 
md or Revolutions of Eclipſes, to have at hand, with- 
hus cout the trouble of calculation, a liſt of ſucceſſive 
ot FEclipſes for many years, computed by authors of 
the Ephemerides, although from Tables not perfect in 
mot all reſpects, I ſhall, for the benefit of Aſtronomers, 
Full give a ſummary collection of ſuch. The authors I 
ard extract from are, an anonymous one who publiſhed 
ales * Ephemerides from 1484 to 1506 incluſive : Jacobus 
hey © Pilaumen and Jo. Steflerinus, to the Meridian of Ulm, 
, from 1507 to 1534: Lucas Gauricus, to the Lati- 
nes tude of 45 degrees, from 1534 to 1551: Peter 
hich t Appian, to the Meridian of Ley/ing, from 1538 to 
s 2 1578: Jo. Stæflerus, to the Meridian of Tubing, 
hich from 1543 to 1554 : Petrus Pitatus, to the Meri- 
_ Jian of Venice, from 1544 to 1556 : Georgius Joa- 
1 7 cChimus Rheticus, for the year 1551: Nicholus Simus, 
clipic to the Meridian of Bologna, from 1552 to 1568: 
men- : Michael! Mz/tlin, to the Meridian of Tubing, from 
IF 1557 to 1590: Jo. Stadius, to the Meridian of 
we 4ierp, from 1554 to 1574: Jo. Antoninus Magi- 
_ nus, to the Meridian of Venice, from 1581 to 1630: 
14% David Origan, to the Meridian of Franckfort on the 
urope = Oaer, from 1595 to 1664: Angrew Argol, to the 
f the = Meridian of Rome, from 1630 to 1700: Hanciſcus 
ark Alontebrunus, to the Meridian of Bologna, from 1461 
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ginus, uſed the Prutenic Tables; Origin the Prute- 
nic and Tychonic ; Montebrunus the Lanſbergian, as 
likewiſe thoſe of Durat. Almoſt all the reſt the 
Alphonſine. 

But that the places may readily be known for 
which theſe Eclipſes were computed, and from what 
Tables, conſult the following Liſt, in which the 
years incluſive are alſo ſet down. 


From To ; 


1485 1506 The place and author unknown. 

1507 1553 Ulm in Suabia, from the Alphon/ine. 
1554 1576 Antwerp, from the Prutenic. 

1577 1585 Tubing, from the Prutenic. 

1586 1594 Venice, from the Prutenic. 

1595 16 Franckfort on the Oder, from the Prutenic. 
1601 1640 Franckfort on the Oder, fromthe Tychonic, 
1641 1660 Bologna, from the Lanſbergian. 

1661 1700 Rome, from the Tychonic.” 


So far RiccioLvs. 


N. B. The Eclipſes marked with an Aſteriſk are 


not in RiccioLvs's Catalogue, but are ſupplied 
from L'Art de verifier les Dates. 


From the beginning of the Catalogue to A. D. 
1700, the time 1s reckoned from the noon of the 
day mentioned to the noon of the following day : 
but from 1700 to 1800 the time is ſet down ac- 


_ cording to our common way of reckoning. Thoſe 


marked Pekin and Canton are Eclipſes from the 
Chineſe chronology according to STRUYK ; and 
throughout the Table this mark © ſignifies Sun, 
and this) Moon. 
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Bef. jEclipſes of the Sun] |], Middle} Digits 
=] 81 Moon ſeen at M. & P. H M. belle 
721 Babylon » [March 1910 34 Total | 
7 20]Babylon ) | March 8|1z: 5g6| x 5 
720]Babylon Y Sept. 1010 18675 4 
62 Babylon D Apr. 21018 22] 2 36 
523j}Babylon Duly 16012 47]7 2 | 
co2IBabylon DINov. 19012 21] 1 52 
491 Babylon » [April 25] 2 1201 44 
431}Athens O[Aug. 3] 6 351i: of 
| 425}Athens ».JOct, 6 45 Total 
4240 Athens O March 20020 179 © 
413}Athens » jAug. 27/10 15] Total 
406jAthens ) Apr. 15] 8 50 Total 
404JAthens ©pept. 2j21 12] 8 40 
403]Pekin ©[Aug. 28] 5 53Þio 4 
394}Gnide ©[Aug. 13022 17]iz © 
353jAthens ) iPec. 2219 62 7 
382|Athens D June 18] 8 5446 x 
382 Athens DDec. 1210 21 Total 
3640 Thebes Oſſuly 12023 5106 1 
357][Syracuſe O[Feb. 28022 —| 3 33 
357|Lant * Aug. = 7 29 & 34 
342]Zant ©]Sept. 14418 — 9g 
331]Arbela Sept. 2000 9 Total 
310Sicily Iſland ©[Aug. 14/20 Flo 22 
219] Mylia » |March 1914 5 Total 
218 Pergamos » * x] riſing Total 
21 7jSardinia Ofeb. 11]: 57/0 6 
203IFruſini OIMa7 62 52 5 4 
202{Cumis OQJOct. 18022 24} 1 
201]Athens » jSept. 22] 7 148 58 
| 200{Athens „March 19j13 9] Total 
200[Athens Sept. 11014 48] Total 
198 Rome OAug. 6 | 
190 Rome ©[March 1318 — Ei © 
186 Rome Ouly 16/20 38jto 48 
174 Athens DApril 3014 3347 1 
168 Macedonia Dune 218 2] Total 
141]Rhodes Dan. 2710 g 3 " 
104}Rome OſJuly 18022 oft 52 
63 [Rome [Oct. 27 6 22 Total 
 bo[Gibraltar _ [©]March 16 ſetting Central 
5 40Canton JOMiy 93 41] Total 
51]Rome. ---+. J O March 7/2 12] 9g © 
48]Rome "> ok Hans: 1${ro © of Total 
45 Rome | 6. , Y [Nov. 6 44 — Total | 
3 Rome _ May 19 3 $21 6 47 
+: STRUYK'S 
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STRUYK'S Catalogue of EC LIP SES. 


9 Bet. Eclipies of the Sun; , Middle] Digits 
Chr. ab Moog icen at . & "JH. M. eclipſed 
31 Rome OlAug. 20fſetting Gr. Ecl. 
29 Canton ©|]Jan. i 
28 [Pekin O June 18023 480 Total | 
26 Canton O Oct. 230 4 16011 15 
24 [Pekin SAprili 4 12 8 
16 Pekin ©1Yove -..:| $. 12 8 
2 Canton OjFebe 1020 811 42 
1 | 
Chr. | 
1 Pekin Olſune 10] x 1011 43 
LES Rome O©|[March 28 13] 4 45 
14 [Panonia ) ſSept. 26617 15] Total 
27 Canton ©|July 22] 8 56] Total 
30 Canton O [Nov. 13]19 20010 30 
40 [Pekin O April 3o| 500 7 34 
45 [Rome r 
46 Pekin O July 21022 2g] 2 10 
40 [Rome DDec. 31] 9g 52] Total 
49 Pekin O|Ma 20] 7 16010 8 
53 Canton GIMarch 820 42011 6 
55 Pekin Oſuly 1221 col 6 40 
| 56 (Canton © |Dece 25] 0 28] 9 20 
59 [Rome O{April 300 3 810 38 
| bo Canton ©|jOct. 13] 3 31010 30 
65 Canton O Dec. 18] 21 50/0 23 
69 Rome Oct. 1810 43010 49 
| 70 Canton © Sept. 22121 13 8 26 
71 Rome | » [March 44.8 326 © 
95 [Epheſus [OMay 21 1 
125 Alexandria » [April 5 9 16] 44 
133 Alexandria »y [May rr 4g] Total 
134 [Alexandria |» JO. 20011 5/10 19 
130 Alexandria DMarch 5/15 560 5 17]. 
237 Bologna OApril 12 Total 
238 Rome OApril 1020 200 8 45 
200 Carthage O|May 15 3 20011 20 
304 Rome Aug. 31] 9g 36] Total 
3:6 |Conſtantinople ODec. 30/19 53] 2 18 
334 Toledo O july I Jſat noon Central 
348 Conſtantinople © Oct. 8019 24] 8 © 
360 Iſpahan OAug. 275118 O Central 
364 Alexandria Nov. 251 5 24 Total 
401 Rome dune 11 Total 
401 Rome Dec. 612 15 Total 
402 Rome 1y June il 8 4310 2 
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Aft. |Echpſes of the dun Middle] Digits]! 
Chr. = Moon ſeen at M. & D. H. 1 eh 
402] Rome © Nov. * 33110 30 
447|Compoſtello ©Dec. 23] © 4661 — 
451|Compoſitello April 1/16 3409 52 
45 iCompoſtello Sept. 261 6 3000 2 
458}Chaves O|May 27/23 16018 53 
402|Compoltello DIMarch 1013 21 11 
464|Chaves 'OjJuly 1919 1/0 15 
: 484|Conſtantinople ©|Jan. 13/19 53j10 - 
, 486]Conſtantinople [©|[May 9 t.- 100-6 26 
1 497 [Conſtantinople O April 18] 6 57 57 
N 512|-onſtantinople ©[June 28023 8 x 50 
3 5380 England O[Feb. 14 2 
. 540]London O[ſune 19020 i5] 8 — 
; 577] Tours Dec. 10017 28] 6 46 
: 58 [paris April 4013 33] 6 42 
: 582|Paris Sept. 17112 41] Total | 
1 500 Paris Oct. 180 6 30 g 25 
5 592 [Conſtantinople O March 18022 6010 of- 
* 603JParis_ | OſAug. 12] 3 3/1 20 
* 622]Conſtantinople D Feb. 111 28 Total 
i 644/Paris ©jNove 5 O 309 53 
680]Paris » jJune 17]:2 30 Total 
683]Paris » [April 16011 30 Total 
693[Conſtantinople ©[Oct. 423 5401 54 
7 16]Conſtantinople Ian. 13] 7 — Total 
718jConſtantinople O|June 3] i 15] Total 
733jEngland | OAug. 1323 — III 1 
* 734|England » [Jan 23114 — Total 
I 752 England D [July 3013 — Total 
. 753]England ©jJune 922 —ſio 35 
753]England » jJan. 23113 —| Total | 
760[England O[Aug. 15] 4 —| 8 15 
760]London . Aug. 3o} 5 5chio 40 
764|England ©jJune gjat noon|-7 15 
b- 770|London »|Feb. 14] 5 12 Total 
| 5 774|Rome ) |Nov. 22[14 37/1 58 
1 784|London 7 Nov. 114 2 Total 
787 Conſtantinople © Pept. 14020 43] 9 47 
| 796]|Cenſtantinople D [March 2716 22 Total 
. goo Rome Dan. 159 ofio 17 
| 3 807] Angouleſme O Feb. 10021 249 42 
. 807 Paris Feb. 25013 43] Total 
807 Paris D Aug. 21010 200 Total 
809|Paris ©1|July 15/21 33.8 8 
8oꝗ Paris D Dec. 25] 8 — Total} 
8 Paris 3 | June 200 8 ad Total 
D 8 STRUYK 8 
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EVP 


Chr. 


889 
891 
90¹ 
90.4 
904. 
912 
920 
934 


985 
989 
990 
GOD 

90 


99508 
1009 Ferrara 


Paris 


Paris 


Ecliples of the Sun 
and Moon lecen at 


Paris 


Canſtantinople 
Cappadocia 
Paris 

Paris 

Paris 


Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Paris 
Arracta 
Conſiantinople 
Conkantinople 
Ariacta 
London 
Loudon 
London. 
Paris 
Paris 
Paris 
Paris 
Rhemes 


ojConttantinople 


London 
Meſſina 

Cont antinople 
Fulda 

Fulda 
Conſtantinople 
Augiburgh 


019!Meflina 


10410 
1017 


| x 7.8 
in: egen 


A 
S 


Nuneguen 


102 * 'ologne 


SES OO SOS SS S OO S SOS SS S SO coo Ll] 


— 


Middle Digits | 
Ms 'S DJ, M. belles 
Nov. 30] © 12 Total } 
Dec. 1448 — Total 
May 1442 130 — 
May 37 52 35 
Feb. 5 5 42] Total 
u! 6118 — 6 
rad 2316 26 Total'| 
March 187 $5$| Total | 
June 3oſ15 — Total 
Dec. 243 45| Total 
April 30] © 18911 8 
May 15/23 — 4 24 
Oct. 24j11 19] Total 
April 1809 ©] Total 
May 4123 : 22] 9 20 
OA. 47118-3581 4 
March 29114 38 Total 
March 197 1 Total | 
March 2gj15 7] Total 
Oct. 14 15 9 Total | 
Oct. 2061 —J11 14} 
July 2] 7 441 
April 37 5209 23 
Aug. 7123 48010 30 
Aug. 215 7 Total 
May 3111 47 Total 
Nov. 25 9 . of Total 
Jan. 6/15 120 Total 
Y [Slarch 3 15 17 Total | 
©;April 16064 - 3oſtt 36 
© tjuly 8190 4810 7 
y Pept. 441 15] Total 
© May 1620 13} 9 
OjMay 78 3801 
Dur ais FL 
©jjuiy 200 3 52/4 
OMay 28 6 548 
» [April 1210 22] 9 
y Oct. . Elis 41-1 
©JOct. 2100 45j10 
D July 1411 27 To 
Oct. err 38 To 
D March 18 419 
©jNove 16616 39 T 
Oſoct. 222 80 6 
Y Sept. Ait 3871 
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/ $TRUYK's Catalogue of ECLIPSES. 
"3 . _ 
1 1 — — - = 5 . l gits 
BR ft. Eclipſes of the Sun D. Middleſ Dig 
. 92755 H. M. ſeclipſed 
> :hr.] and Moon ſeen at . M. 
1 1a 3 3201. w_ 
on Oſlan. 23023 29ſt. 
ee » [Feb. 20%/ 43] Total 
1 5 paris »jFeb. 2ſt gi] Total 
_" Paris yp [Dec. Bir 1 1 
hg Milan | lune al 8 Total, 
045 Paris ©[Apr- 1729 45119 45 
. 5 I 
7 e OlAug. 21023 48 rs 
1039} Auxerre l Tan” 8:6 39 Total 
042 Rome PAIL 
* - $M) Nov. * 16 12110 1 
1044[Aukerre » _ 4 OT 
] ou. 2112 
| 104% Cluny April 212 9 Total 
5 105% Nuremburg » [Pp 1 
I cbz]Rome FF 
prey Augſburgh „Oct. 7/0 13] Total 
N 1074 oO” urs 5 \T 11 12 9 36} 
| tos Sonſtantinople [5 —_— 2G ll 0A 
? Y a 14 1 4 | 
0 7 ot. 3 onle 8 Feb. 164 7 Total 
1} R | 3 we pay INOP!Y X Tae 25 6 6| Total 
| | wie an ths 8 Sept, 22022 35/10 12 
5 1093] Aughurgh i 5 a 6 op Total 
= * | ;Dlaors Dl cb. Cit c 
| | 1996 Genbu Irs 2 hn” algal 
2 r096[Auglburgh 2[Fug. ws Dn 
| | 1098{Augſburgi GE ee Total 
4 oo Naples Nov. 3004 58 Iota 
8 : 7 Rome | * Sept. 17112 :8] Total 
23 1106 Erfurd Þ July, 1711 204: 54 
30 8 110% Naples Jan. 103 16] Total! 
al? 110% Erfurd OMay 310 1 30% 20 . 
al). $4. London Na &jio 51] Total 
al | {1 113/ſerutalem March 1861909 © 2 
al 4 1114 London Aug. I7j15 „ Total 
al [117] Iriers „une 15/13 200 Total 
36 ® 11 17 Triers „Dec. 1012 5 Total 
7 : 11100 Naples Der. 20 401 1 
al } : [121]Triers + „ ept. 27jto By total 
18 1 122 Prague 7 * 24114 20 . 40 
2 , {4 f 42 ( 
22 1 1240 Erfurd 5 Aga 11 80. 42 39 
al Wh | ©jAug. 10lz3 2c 58 
1124/Condon on en of Hed 
IC 1132 EI furd * Mar. 3 8 14 9 
5 wy \ 2 A 22 
© 133 Prague eb. 20j:6 41 1 
5 13 London Dube. 22020 11 Total 
10 [ 142 Some: » [Feb 1114 17 8 1 
J {I 143180ome eb. 8 30} Ten 
al | 147 Auranches Oct. 25/22 380 7 20 
al ö We / ; * NMar h IJ - | 12 84 - 29 
cc I 149 Bary 21 11 -_ 751 5 MM. 5. 5 
I - B 11 510Eimbeck Aug. 2812 4 4 20 
a. | 1133 Augſburgh OfJan.. 2 7 4410 
_ 11 44 A 1 June 20119 1'1 0ta | 
41 ] 2 * — — — — 
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Aft.|Eclipſes of the Sun Middle Digit s | 
Chr. aid Moc ſeen at * 06-02 H. M. ſeclipſed 
11540Paris Dec. 2108 30 4 22 
1155 Auranches Dune 168 45/0 53 
1100 Rome Aug. 18] 7 53] 6 49 
1161;Rome )|Augs, 7| 8 11] Total 
[r:62/Erfurd Feb. 16 40ſ 5 se 
1162 Erfurd IDHuly 27/2 300 4 11 
r 163] Mont Caſſin Ojſuly 3|7 40 2 
1164] Milan June 6lto of Total 
1168j;London Dept. 18[14 of Total 
1172[Cologne Dan. 1113 31] Total 
1176]Auranches ID [Apre 25] 7 8 
11760Auranches » oct, 19/11 20] 8 g3 
178 Cologne Mar. F5ſſetting, 7 52 
1178 Auranches [Aug. 2913 52] 5 31 
11780 Cologne OjSept. 12 10 51 
11790 Cologne Aug. 18014 280 Total 
11 800[Auranches Ohlan. 28] 4 1410 34 
118 1][Auranches Oſſuly 13 3 1560 3 48 
1181 Auranches [D JDec. 228 5804 40 
1185 Rhemes OMay 2x2} 1 53 9 0 
1 186/Cologne » [April 56 — Total 
1186 Franckfort O April 20| 7 19 4 a 
r185jParis » INlar. 25j16 17] 8 42 
1187jEngland © Sept. lat. $478: 
:189/England ÞjFebs 210 — g — 
91 England OJune 23] o 20011 32 
11921 France Y Nov. 2014 6 — 
11930 France Nov. 105 27 Total | 
119 London OApril 22] 2 150 6 49 
200 London Han. 2/7 24 35 
120 London D June 17/5 4] Total 


» jApril 15/12 39] Total 
Oct. 100 6 32 Total 
O Feb. 27/10 501 20 
D Feb. a] 5 10 Total 


1204 England 
1204 Saltzburg 
1207 Rhemes 
208 Rhemes 


12110 Vienna D Nov. 21013 $57] Total 
1215 Cologne D March 16615 35 Total 
1216 Acre ©;Feb. 18021 15]⁰11 36 
12100 Acre » March 5 9 28 7 4 
1218 Damiëtta D July 919 40/11 31 
1 222 Rome | » Oct. 224114 28; Total 
1223 Colmar » April 1058 12x © 
1228, Naples Dee, g 0:19 
12 30 Naples OMay 1317 — Total 
12300 London ID Nov. 21/13 2109 34 
t 232 Rhemes OlOct. 16 4 201 4 251 
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Aft. [fclipſes of the Sun Mrddley | 1945 
[Chr. = Moon 1-en ar | M. & D. 1 1. fech pic 
i245 *{heines ©' july 24117 4 6 — 
258 Hndon Dune 78 49] Total 
125 J ,ondon » July 20] 9 4;| Cotal 
[12;5|Conitantinople Oſbec. 3ol 2 52 Ann: 
12588 Augſburgh » May 18]it 17] Total 
1261]Vienna [O March 31]22 409 8 
t 262] Vienna » jMarch 75 50 Total 
1262] Vienna » (Aug. 24 39] Total 
1263 ][Vienna D Feb. . 24] 60 326 29 
126 f3[Augſburgh ©;Au &. i -aqhtt_- 19 
126 z| Vienna DAug. 20] 7 35] 9 7 
1265 Vienna » {[z2e.... 23]16- 25] Total 
1267 Sonſtantinople ol May 2423 int 40 
1270 Vienna OiMarch 2218 4710 40 
12720 Vienna 5 Aug. 101-7 278 53 
1274] Vienna D iJan. 23110 39] g 25 
| 127 5]Lauben Doe. e & 3% 
1 270] Vienna D INov. 22f[15 _—| Total 
1 277] Vienna )jMiy 18 | Total 
1279/Franckfort OjApril x2] 6 55110 © 
2800 London D {March 1712, 12] Total 
| 1284]Regglo »jDec. 23116 119 13 
12900 Wittemburg © Sept. 5gl'g 320 30 
| t2g1]London DFed 14 to 2 Total 
j 1 302|Conitantinople Dan. 14/0 25] Total 
I 307 Ferrara SOA 222 18] © 54 
| 1 399] London [ÞdjFeb. 24117 44] Total | 
309 Lucca D Aug. 21010 32] Total | 
1310 Wittemburg Oan, 3b 2 20 10 
| 1319] lorcello »jFeb. 14] 4 So 20 
| 1310 Torceilo D Aug. 1ofls 33] 7 16 
1312J[Wittemburgh ©.July 441 493 23 
| 13120Plaiſance D Dec. 14] 7 19] Total- 
1313] forcello Dec. 348 5809 34 
} [1 316} Modena » !O&t, 114 $5] Total 
1321]Wittemburg O June 2518 11 17 
13230 Florence » May 200ʃ15 24 Total 
1324 Florence » {May 96 3] Total 
132 2 Wittemburg © April 23] 6 358 © 
i 227jConttantinople D Aug. 3:18 26] Total 
1328|Conitantinople » Feb. 2513 qg7htit | 
2 330jFlorence D June 3o[is 101:7 34 
| i 330;Conſtantinople OiJuly 160 4 50 43 
| 1330; Prague Dec. 25/5 49] Total 
233 [Prague O Nov. 29120 2607 41] 
1331;Prague » Dec. 14618 11 1 
83 STRUYS'S 
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Aft. |Echpies of the Sun Ty. K D. j\liddle Digits | 
Chr. ana Moon ſcen at H. M. ſeclipſed 
133 [Wittemburg OlMay 143 —- 10 18 
[3 340Ceſena »TApril 19/10 32 Total 
3410 Conſtantinople Nov. 23112 23] Total 
t341]|Conſtantinop!e ©]Dec. -- 822 15} 6 30 
342 Conſtantinople »iMay 20014 27] Total } 
13440 Alexaudria Oct. 6118 46} 8 55 
3400 Wittemburg June 3012 20 Total 
354] Wittemburg ©|Sept. 16020 45] 3 43 
1350 F ence Feb. 1601 43] Total 
130 Conſtantinople Ol[May 422 15/8 54 
1357 Sienna Dan. 18 27] Total 
389 Eugibio Nov. 317 5 Total 
1390 Augſburgh OlJan. 1100 166 22 

i: 396]Anglburgh une 21111 10] Total 
It 39.}forli - Oſ[Oct. 290 43} 9 — 
$14c6|Conflantinople DJune 113 — 10 31 
j:.;06|Conſtantinople ©|june 16118 1/11 38 
1408/Forli OO 1821 419 32 
1400 Conſtantinople O[April 15] 3 1/0 48 
It: 410 Vienna |) March 20013 13] Total 
1415[Wittemburg ©;ſune 66 43 Total 
1410/Franckfort OMarch 25122 -5| 1 - 45 
14210Forli Feb. 1713-2 Total 
14220Forli Deb. 61 8 2611 7 
1424] Wittemburg O|Ji-12e 263 57/11 20 
14310[Forli 2 „ ax 3 
| 1453 [Wittemburg une 175 — Total 
1435) Wittemburg ©iSept. 18020 59} 8 7 
1144 2 Rome 4» Dec. 17] 3 59 Total 
: 44% Tubing OlAug. 28022 2308 53 
22500 Oonſtantinople Yuly 247 19 Total 
14571 Vienna ) Hept. 311 17 Total 
JF 400 Aut TIA July T 
1 400 [Autra 1O|july 1717 3211 19 
1400 Vienna Dec. 27113 30 Total 
1401 Vienna une 2211 50 Total 
1401[Rome Dec. 17 Total 
102 iterbo „une 1105 —| 7. 38 
140 2 Witerh O;Nov, 21 0 jo 2 6 
1464 Padua April 2 1112 43 Total 
* 10 al Org ;© Sept. 20 3 8 40 
by 4 RG me } Oct. * 5 121.1 Ota! 
AS HO © * Jan. 27 7 90 Total 
2 | urunburg © \ arch 10 3 5111 — 


* 
7 
3 
3 
3 
3 
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All the following ECLIPSES are taken from Rricctor.vs, 
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except thoſe marked with an Aſteriſk, which are from L* Ar. de 
verifier les Dates, 


{ 


[Att. 


Middle, Pigiteſſ t. \lddle| Digits 
Chr. n e H. M.ſeclipted Eur. N. . H. M. 4 


1456] [Feb. 18] 5 41 Total HSO May 296 — * 
14800 O [Mar. 5/17 43% off: 508} y une 1217 40 Total 
1487 [Feb. 7s 49g] Total fj1509] June 21 117 © 
1487 22 
1488] % ][lan. 28] 6 — * 1510] )[Oct. 16 —| * 4 


1488 
1489 


col Total 
$6] Total 
32 
6 

13] Total 
of Total 
37] Total 
0 


Julß 817 300 4 oOfT 51D Oct. 6 
Dec. 77 41] Total 5 12) [Sept. 25 
14900 O[May 19, Noon | * 1513 O [Mar. 7 
1490] » June 1 6] Total i513 OjJuly 30 
1490] » [Nov. 26018 25] Total 15 15 lan. 29 
1491] O[Mar. 8 2 199 1516000 Jan. 19 
1491] % [Nov. 1868 — * 15160 %% July 13 
1492/O Apr. 207 —- * 1516! @jDec. 23 
14921 QJOct. 20123 —| * 1517 /@{ſune 18 
1493] D [Apr. 124 of Total [1517] Nov. 27 


» 
july 200 2 GC 7 offtcogjOINov. 11 
N 


SEEELD 
Q 


— 


ä 


os OE. a. * HS 


St 4.9. OW. = Ou - O 
12 
1] 


SO OOO 0 
\O 
I oO * © # * 
—— 


1493} O Oct. 1002 4008 obrgis! yillay 24 

1494} Dj Mar. 74 124 ol}1518,©|June 7 5001 © 
1494] Mar. 217014 38 Total 51 OfFlay 2861 — 
1404/0 [Sept. 149 45 Total 1519.0 Oct. 230 4 33 © 
[495] 7: Mar. 10j16 —| * 41510; ) |Nove 6 6 24| Total 
1405] OſAug. 1917 — * 1520 DIMay 27 — * 
1496/0 lan. 2914 — * 11520, QJCct, 1105 22] 3 

1497 Jan. 18 6 38 Total j;1520; 3 Oct. 25019 — * 
1497 18 July 20] 3 3 3 ©1520, D ar 2117 —| * 

1499] ) June 2217 = * 11521 OtApril 679 — * 
[1499; Aug. 23ʃ18 — * (11521, Q Dept, gol 3 — * 
1400 INov. . 17/70 — 1 5220) ert. 512 17 Total 
{1 $00 Mar. 27 In the] Night [ft 525; D Nlar. 1{ 3. 26} Total 
114003.) Apr. II At} Noon 15230 Aug. 25115 24 Total 
Soo Þ.jOcte 5E 20 oli: 5240 reh. 4 5 
5017 » [May 2117-4 n 'Fotal 1524/0 Aug. 16016 — * 
502 O Bept. 30/19 45110. 525 Oſan. 23 4-4 * 
L502] )JOct. 162 2002 0 1525 % }uly 3%0 10 Total 
503] DMar. 120 — * 1525 Des. 29/10 6 Total 
15 3. Jept. 19222 -. (1520!) Dec. 18119: 300%/ Total 
oi ÞjFeb. 29013 30! Total 1527 Oſan. 223 ͤ—— .* 
5 1 Ab wi 38 „„ 5 18 . 
50% Oj-lar.. 10/3 — [1527] 2 Dee. 710 -.. 
15951 % Bug. 14 8 18 Total 15 8 Na 1720 — * 
50% „Feb. 715 _— 7 41.5294 Ost. 1620 '23jer 55 

597;O| july 20 3 iz os ze S Mar. 2818 231 8 24 

5207 D Aug. 310 — * | © 20] Oct. i Total ' 
30% O Jan. 12419 — * 153 | Pr. 7 — 
1508. au. 214 U— [1.5 2210117, 0 0 4 2 

8.4 Ricclorus's 
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p 


[ « » [Middle] Digits Aft. | Middle Digits 
Pl. & DH. eie 1 M.ſeclipted | 
1 | | 
Aug. I: 50 Total 5 5eO Nov. 118 ol 9 41} 
O[Aug. 1917 — * 5560) [Nov. 1612 44] 6 55 
O.Jan. I 42] 5 45/1557 O[Oct. 2020 — * 
Jan. 14 25] Total 1558 Apr. 211 cfg 50 
Oſune Noon | * 1553]O[Apr. 18] 1 — * 
» [July 8 — * 1559] [Apr. 16064 50 Total 
O Dec. 2 — * 1560] ) Mar. 1115 4 4 12 
©{June 2 28 off1560]OſAug. 21j 1 co| 6 22 
Nov. 6 21/10 15 1560) Sept. 31.9 — * 
May 3 3 Total 1 5610O [Feb. 1329 — * 
O[June 18 — * 562[O [Feb. 35 — * 
Nov. 14 56 Total 5620 July 18015 50 Total 
D May 14 243 01 563[OCan. 2219 —| * | 
D Nov. 5 31] 3 37/1 563]O une 2004 5008 38 
oſapr. 8 4 33 456305 ful $8 "air 34 
©[Apr, 17 150 Total j|1565]O|Mar, #712 53 
» |Mar, 16 34} Total ||: 565] » [May 14116 * 
O Aug. o 56/3 1565 D [NO V. 712 46011 46 
) |Mar, 8 46| 38015600 [OCt. 2880 5 35) Total 
O Aug. 17 —| * © ]:567]O[Apr.\ Bj 44.6 34 
July 16 — * 1567] D [Oct. 1713 43] 2 40 
Jan. 18 13] Total 5680 OMar. 2805 — * | 
©[Jan. 21 16011 171 559 D [Mar. 215 18} Total 
July 8 31] Total [15700 [Feb. 2005 46 Total 
Dec 18 27] Total 5570) [Aug. 15 9 17] Total 
Oſune 800 48 3 450:571Ofſan, 254 — ® 
» jDec. 18 —| * 1572;OſJan. 149 — * 
O Ma 5 — * 1572]DI un 2819 o 5 26 
O Nov. 33 1573 Olune 2818 — * 
YNMay 10 27] 8 offi573jO[Nove 244 — * 
D Oct. 4 560611 345730 D Dec. 8 6 51] Total 
O Nov. 2 9 9 30574 O Nov. 13 3 500 5 21 
1] Apr. 3. —| * 1575[O May 19 8 —| 6 
Apr. 11. 24] Total 157 5[O[NOo V. 2 5 — * 
D Apr. 15 192 015700 D[OSt. 79 45 | 
Oct. 6 — * 7577 Dapr. 21 6 33] Total 
O Mar. 20 —| * 1577/0 Pept. 29 13 4 Total 
2 Feb 5-21 Total 1570 » de pt. 15013 £3.30 
©[2.ug 2 9 t 521570 Ofeb. 15 5 41] 8 36 
©iJan 22 $41: 22157900 O Aug. 20109 * | 
©'July 7. * : W:c80{)[Jan.: 30 7 Total 
Y July 16 Oo 31 11 581 Y Jan. 19 9 22 Coral 
©iJune 63 v3 58 10% uh 1517 5 / Tota: 
il Þ Lec. 13 Je 585 » ps 810 29 0 $3 
> [June tc -. of Total icS2/©0jJupe - 9 7 
[2 wy 5 4 * 1883 7 Nov. 1927 - Total | 
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Iiddle] Digits {| Aft. „ + [Middle Digits 
Pl. & PH. B M_lectivfed Chr. M. & P. A. M. eclipled| 
918 520 3 361601 ſune 6 18] 4 52 
14 15} Total {1601]©}ſune Clunaf 4 29] 
7 $53]111 7ijj1601] Dec, 7 0110 63 
5 96 54/½7601][O Dec. 2 46] 9 52 
8 1602 ©!May Greenl.j 2 41 
Noon | * 1602] 9 une 7 18] Total 
9 28010 2 16020 Qſune N. Gris 43 
3 240-8 311602 O Jov. | Magel. 33 
14 14 Total O Nur. | 7. Total 
17 30e Total 10030 May China. [iT 21 
| 18 — © 1003] May „ i 
| 8 13 45|1603;9jNov. Rom. It 17 
5 — * 1003 » Nov. 5 31 3 20 
19: 4 3.544 1004 ©: Abr. Arabial 32 
9 5710 27 16040 Oct. Peru 6 49 
6 21] 9 40/605 Y Apr. 9 1941 49 
5 8 Total rb Apr. 18“Madag 5 31 
4:4 Tf 160500 » (Sept. 4 2710 20 
10 11] Total 605 O Oct. 2 329 2 
10 13] 8 58016860 Mar. Mexico © © 
7 24| 5 54{1606; y Mar. 11 17] Total 
: 2 30 2 3801 Sept. Magel.] 6 40 
SHOWN 14 58 43 1606 ©) dept. Magel 6 40 
SES 19 15] 9. 401606; y Sept. 15 6] Total 
1595¼Q0ʃA Ter. de] Fuego r Feb in 
1 75 D [- 4 12 Total 160%) Mar. 6 361 22 
15! ©!: 22 1607 © Sept. I 4.3 
D 2 4| 5 18|1608jQ\teb, at the Antipo 
5510 20 47 Total 15080) July 1 
ON tn! Chili 16080 O Aug 4 39 0 40 
36! 7. 8. 8 6 4 1600.) Jan. is 21.10 32 
9600015 In China 1609 O eb. Fucgo| 5 22 
3b] » e 31 109 3-33 188 y July 12 8 Total 
ON St. Pet. Iſle 900 O July. Canada 4 10 
© Picoral 9 49 180% Dec. Ten 
Ye . 1610ʃ Y * Jan. I 31 Total 
O 22 12/11 5% 16100O0 une Java 10 46 
1D) 1 15| Total |:6:0l » july R 
O Magel.| 8 34|1610/©;Dec. Cyprus 4 50 
» 18 21] Total 1610 Dec. 16 47 4 23 
O LU +-4311.9 18} 1611/© June Califor 11 30 
Y |. Total þ1612! Y May vio 38 7 22 
O Java. [rt 481612, © May #3 397 14 
J. 6 40 2 580 1612) ) {Nov © 803 22: 9 40 
O. 2 10 5 39 1612 O Nov. Magel. 9 © 
10 Hthiop. 9g 4911613 =} Ape: 20 Magel Janica. 
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Rricctiotvus's Catalogue of ECLIPSES. 


Att. | a Paiddley Digits jjAfﬀt.l r . „ Maiddicg Digits 
Che. M. & 5. tl. M. ſeclipfecſ Chr. M. & 9. H. M.ſeclipſed 


SOS OSO SO SO SO SOS SO SOS OOO SSS 


Mar: 9 Florid:, 


| 
| 
ee Bri 
| 
| 


1013] 3 {May 4.0 33 Total 1625 | 
1613 O May 10 Eai[Tartaryſſ1625] y] Mar, 23114 1 2 11 
16123 S Oc. 1 3} South Amer. 762 5 Sept. 1 St. Peſter'sIſle 
116130 Oct. 25} 4 19] Fotal 16250 Y Sept. 011 41] 5 © 
| 1014jO© [April N. Gui. 8 44j1620|QjFed. 25 Madag. 8 27 
1614/% {April 217 366 5 25/10 6D Aug. 7 7 45} © 25 
11614/O Oct. 310 5375 216260 O Aug. 21] In Mexico 
1614] [Oct. 174 38] 4 50/1627 Dan. 30 38010 21 
f1015|O|[Mar. 29 Goa sio 3815027] O Feb. 19 agel jlanica f 
1461 5[O Sept. 22] Salom | ile 1627] july 27% 4 Total 

rens lar. 3] 1 58 Fotal 1627 O Aug. 110 Lenducfſio © 
re O lar. 17 Mexico © 47jj:0281©jJan. 63 {enduc] 5 40. 
1616] y Aug. 26115 33 Total NNi628| y Han. 200/10 11 Lotal 

1616] ) Sept. 10]Magel.|:0 330 TC S[Ouly 1|CGood! i pe 

1617]O Feb. 5 Maget flanica 6280 {July 16j:z 26 Tot 1 

G17)» [Feb, 2of x 49] Total re SO Dee. 25|1n England 

I. 17]O[Mar. 622 — 16290 D an. gf 1 306] 4 27 
1647]O[Aug. 1]Biarmia] ©. 1929} Ojſune 11] Gange 25 
1617 % Aug. 16] 8 22 Total EO Dec. 14] Peru 10 14 
160188 O an. 20 Nlage!lanica 16300) jMay 25/17 $6] © ©f 


June 10] 7 479 8 
Nov. 19011 24] 9 27 
Dec. N. Gui. 10 
Apr. 3oſ.Antar, Circle. 


Irrsſ D [Feb... 9 3 29 2 57/163 
| 161808O July 210Mexico 
5100S lan. 15fCaliforſ nia 1630 
11619 une 20012 400 5 101631 
© 
) 


l:019}o{fuly 11] Africaſiz 4yj[1631] þ [May 15] & 15 Total 
ro19} [Dec. 20% 5 g2jlo 471631] ©JOct. - 24 CGood Hope 
10 May 3 Arctic Circle 1631 Noν̃ S$Sjt2 ©| Total 
une 14013 47] Total [[1632}©O]Apr. 19}/CGood| Hop 
1 620]O June 209] Magel] 7 20 1632] ) {May 4-1 24 © 35 
{16-0} Dec. 9| 6 39] Total reg O Oct. 1 Mexico & 37 
1620} O[Nec. 23] Magel | lanica j[1632þ) [OGt. 17]12 2305 37 
621}O[Nay 20014 54/10 447633 O Apr. 865 144 30 
021 fine 39 420 5301633] Oct. Z Maldiv.] Total 
621 O NOV. 15; Magel] lanica-j}i634]) Mar. 1440 35/11 18 
ez [Nor. 2875 43] 3 28/1634 ©iMar. 28 Japan io 19 
HORN iC. Verdi 5216301 Sept. 7 5 of Total 
11622 Nor. 2 ala ca In. | 1634 OlSept. 22CG.H, 9 54 
| 629 ) 7 1447 1910 $441035 ON ch. 7 Antar. Circte 
11023 @)1-\PTr. 29 1635 L a; 349 26 Lota! 
1023} „Oct. 8 0 22 8 35½1635[O Mar. 18${Mexico| © 16 
102. © jct. 2.437; 0110 4011025 ©!aug: - x 2}t{ccland 5 8 
Gay ie. Zemſ 6 0116355 ug. 2716 4 19tal 
LC pr. 7 9 total [|:636[Ojreb. Gi In Peru 
624 S ipr. 1 ntar | Circle 11036, Uſteb. 20017 34 3 23 
1524 Ct EF get | anica 10301 aug. 1 . 
1624/%% Sept. 20 8. 5s Fora) 630 Dung. 1.0) 4 Rs 1 25 
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Riccrorus's Catalogue of ECLIPSES. N 
Aft. . Middle Digits D. |Middie; Digits | 
Chr.] M. & P. l. M. ſeclipſedſ Chr . & D. H. NI. ecliofeal 
— — — - ETA; 
1037]O{Jan. 26] Cam- boya ſune 9 Arct. C| EY 
1037]O|July 21ſJucutan NOV. 4| 2 1o| 3 16 
1037] |Dec. 31] 0 44010 45 Nov. 18119 560 Total 
1639]OlJan. 14 Perſia 9 45 „„ 
10380) June 25/20 [7] Total Jay 1508 377 57 
1038]Ojſuly 11 ellen 9 50 Soe. 247 7 
1638 O [Dec. 5 Lellan] 2 10050 y Nov. 729 2 | 
16380) [Dec. 20015 100 Total 165100 Apr. 10 Tuber. 
11639/O [an. 4 Tartary] © 391651 Sea 3: eine 
10349 Offune 1 5 2910 4 OS lhar. 2416 5218 50 
1639) [lune 15] 2 41111 9i10521&f \pr. 7[22 40 9 59 
1639! Nov. 24/Magel. fr oh165- Sept. 117 27I 9 49 
1039] ) Dec. gfii 57) 3 46 1052]OJOR. 2 8 
1040 OMay 28 N. Spa. 10 30,/U5 5 eh. 27—ß3?2̃ 
640 O Nov. 7 3j{eru 2110 30001 $3] } lar. 13117 9/ Total] 
164109 Apr. 25 1 9 49/1652 Aug. 22.—— — 
041 OMay yg} peru [19 16 1053] Sept. 6123 4c] Total 
1041, [Oct. abſ © 19] 6 3Zi}]:054})5]Feb., 16 9 10 a 
16410 O [Nov. 2j18 46 —65;4] } |Mar. 2[19".-25|-2..: x4 
1640 0[Mar, zoſEſtoii. | 4 0640 O Aug. 71122 24 2 28 
49421 abr. 14 10 31 Total 1034) ge 2711- ee 
1642]DjSept. 2; Magelſlanica 10550 Oſbeb. 662 37 4 20 
1 DCet. 7110 435 Total 1055 OlAug. 1 14 19 
164300 Mar. 1913 53 —_ — 165 0 Aug. 16616 ol . 
1043!) Apr. 3121 "oY 3 91656 Y jan, HF 9 a9 O 
1043] OſSept. 12 177 Op. [2656] yjiuly 6] 3 17 Total 
1943! V Pept. 27] 7 30 oO 1056 July 211 48; | 
1644 ©pMar, 8] © 20 l056] » | :2ec, 39123 30 Total 
1044/O Aug. 31118 10 | 1657 Oſſune 11011 20 
16450 [Feb. of 7 48 5211651 une 250 35/ Total 
6450[Oſteb. 26jRom. 11 46 105% Oſbec. 420 76 | 
1045\»[Aug, 7/2 4 Total 165% % [Dec. 20! 7 1 
1645 Aug. 23] © 35] 4 401058 OfMay 116 o 
1640[O Jan. 16 Str. of [Anian 1058 une 1422 580. | 
1940] 3 Jan. 39j158 11 Total 10588 Nor. 9113 50 o 0 | 
5461 ©1July 1246 57 16580O Nov. 24/11 30 | 
[046] % July 27 6 24 Total 1059 % May 0 8. 348 5 
047 ©ljan, $112. 10 1659 reef, lowed 
1647 Jan. 20] 9 451 + 4711059} [oct. 29/100 16 9 2 | 
11947; OfJuly 2170 Of — 1650/0 Nov. 14/4 2519 51 
[15947] Dec. 25/13 38 1 cpr. 24/0 58/ Total 
15648 ſune $| 2 $5] 4 28001660 ©] 2& 322 34. 
45 Olſune 20013 28 1660 Y [Oct. 18 5 32] Total 
575, [Nov. 29019 7 4Chiobol Sl Nov. 213 48 
248/ © Dec. 302 N e 1001]©|[ Mar, 2G122 3 
164912 [May 251i5:: 20 Total 16675 I $81.) 
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Of Eclipſes. 
RiccioLus's Catalogue of ECLIPSES. 


E Nidqſeſ Digits | Aft. Middle| Digits | 
Gr [M. & Dig. M. eclipſed Chr. n & D. H. OG e e 
6610OI[Sep. 23] 1 36ſt 1976760) Dune 25 6 26: 
97k 5 on. : t4 $1 7 4416700 Dec. 4020 52 El 
1662[O [Mar. 1915 8 1077 ©jNove 2412 5 5 
1662] O Apr. 12] 1 o|——h|1677]y|May 16[16 25 Is 
1663 » Feb. 21016 11/3 1441678 Y [May 6] 5 30 7 
1663 O Mar. gf 5 47 16780 % Oct. 299 17 
1662] Aug. 18] 8 45 Total| 67 O April 1021 O 
1663[O [Sept. 18 8 1670 YMay 25/11 531 5 47 
1664 Olau. 27/20 40 10800 Mar. 29023 22 
1664 [Feb. 11 3 10 —— 1680 O PSept. 227 57 
16640/Olulß 224 48—— 1680 Y Nar. 4 Noon 
1664]O Aug. 20022 10 16810 O Mar. 19/13 43 
1665 Jan. 3018 47] 4 341681] y Aug. 28015 2219 35 
1665 Ojjuly 1207 48 1168 [OSept. 11018 43 88 
16651 y july 26013 31 © 101682 % Feb. 21012 28 108 
16600 Jan. 421 33 1682) Aug. 1718 56} 10 
1660600 july 119 911 10ſ1683 ©|Jan- 27] 1 35/10 3 
|. 66 „June Noon. 1683] D [reb. 93 39 | 
10670 wuly 21] 2 32 1683 Aug. 6/20 36 | 
| 16657 SNov. 5. 30 1684 O Jan. 16] 6 34 * 
10050 May 10 Setting 11654 June 261 5 . 1084 
16680 May 255 201 9 32768400 july 121 4 2 | | 
1668 ©jNove 4| 2 $53} 9 50/1684 D Dec. 21011 1889 45 
1668 YINov. 181 3 54 6 45 1685 © Jau. 4 10 . W 
ECHO! 8-178 1685] ) [June 16] 6 of — 
(16069, ©;,Apre 2gj19 5 Toa 
660 - Oct. 24:10 1 1655] DDec. 10011 26 
167% pr 191 7 9 16860 fan 1 55 . 9 
oy Got 1680] » [June OON ; 
11676 5 Het. 13512 Gci——jj68;Ja/May 111 — a 
Eh ©'Apr, 802 29g] —— 6687 » May 26014 — We 
5 © Sept. 2 21 2G mmm 1687) Apr. 151 7 4 94 
71 5 Ser 181 | Totalſ 1688 O [Apr. 2916 27— 
1671] Sept. 78867 44 e, 
0720 OFeb. 2S| 3 38 688] 5 Od. 9, Noon | 
1 675 D Mar. 13-3 17 168880 [Oct. 25/19 «oo 
167 8 Aug. 22] 6 43—— 1689 „Apr. af 7 4 Total 
1672 * Sept. 618 54 1989 » — 8 ä Ai | 
672 O Feb. 16 20 —— 1690 O Mar. 10 — 5 7 
525 OHAug 1 %%% 4 10 Mar. 24177 14 0 
872 * an 21119 22/11 21 1690 Odept. eee 7 
15 9 'Feb, 559 4 1690 * dept. E 
170 July 77% 40 Total|16911@|Feb. 2717 l ee 
141. 0 Jun 11068 290 has 1091 © ug 23 - 5 TE 
-:l0 an. 25/10: 306 i092] [Feb. 2 N 
675 55 nly 6 16 31 Totalj|1692]©|Feb. os 17 31 7 
Hi Olſune 10121 20 4 33 ds wy 27 16 „ 
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Of Eclipſes. 2 
Ricctor.vs's Catalogue of ECLIPSES, 

{Att "AP Middle Digits | Aft. 5 Middlej Dig. 
Chr. n. & D. H. M. eclipled Chr e Delt: M. eclipt. 
1693) Jan. 21% 25 Total 16960 O [Nov. 23017 32 
1693 D lune 17] Noon 11697][O[Apr. 20014 32 —— 
10944) Jan. 110 Noon [— 1697 D [May gj18 27 
1694 O une 22] 4 22] 6 22/6970 [Oct. 29| 3 44/84 5 
1694 D [July 6[13 500 47/698, [Apr 10} g 13] —— 
1695 O[May 11] 6 3—— 698, QJOtt. 35 20{———— 
1005 D May 28] Noon | ——||1699] y [Mar. 158 wg 5 
1695! D NOV. 20 & of 6 5 5/699 O[Mlar. goſ22z of —— 
1695 ODec. 5617 7 1699: Y Sept. 823 22— 
1696, D [May 16012 45 Total 1699; O Sept. 23022 3809 58 
16060 May 30/12 56 t700]y lar. 420 11 
1696 Y Nov. 8117 3ol Total Hiy oo) Aug. 291 2 | 


69 


The Eclipſes from STRUYK were obſerved; thoſe from RiccioLies 
calculated: the following from L* rt de verifier Jes Dates are only thoſe 
which are viſible in Farope for the preſent century: thoſe which are total 
are marked with a 7; and I figmnes Morning, A Afternoon. 


Viſible ECLIPSES from 1700 to 1800. 


lan | | Months | Time of [Att.] | Months | Time of | 
Chr and the Day br and the Day 
* Days. or Night. | Days. | or Night, 
. A 
1701] ) Feb. 22jr1 A. t715]OjMay 3] 9 M. . 
170g) Jan. 3] 7 M. 1715; )jNov. ri] 5 M. 
1703] Dune 29] 1 M.T. j|r717] y!/Mar. 27] 3 M. 
1703] ) Dec. 23] 7 M. T. j|:717] y|May 20| 6 A. | 
1704} ) Dec. 11] 7 M. 112718] ) Pept. g 8: A. T. 
170600 Apr. 28] 2 M. 1719] D Aug. 29 9 A. 
17060 O May 12jto M. 7210) an. 13 3 A. | 
17060 DOct. 2107 A. 1722] D [une 29 3 M. 
170% ) [Apr. 17] 2 M. T. 72 O Dec. 8; 3 A. 
1 708} Apr. 5 6 NM. 17227) Dee. 44 3 
1708 O Dec. 148 M. 1724 ©\May 22 7 A. 7. | 
17080) Sept. 29{ 9 A. 1724|)|Nov. 14 M 
1709 O Mar. 110 2 A. 1725 D [Oct. 2107 A. | 
17100 D jiFeb. 13/11 A. 17260O (Sept. 256 A. 
17100[O Feb. 28] 1 A. 1726 DO 110 5 M 
1711 O July 158 A. 1727 OSS pt. 15].7 NM. | 
17110 D ſuly 29 6 A.T. 729 D [feb. 13] 6 A. 7. 
1712) an. 23] 8 A. 17290 D [Aug. iti M. 
1713j) [June 8 6 A. 17300 ) |Feb. . 4| 4 M. 
1713] ) Dec. 2 4 M 17310 ) lune . 
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Of Eclipſas. 


Viſible ECLIPSES from 17500 to 1800. 
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dept. 20 
Oct. 4 
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Aug. 151 
Jan. 24/1 
Aug. 4 
Dec, 30 
Jan. 13/1 
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Aug. 3011 
Feb. 14 
July 25: 
Aug. 81 
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May 1 3| 
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Viſible EC LIPSE S from 1700 to 1800. 
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Aft Months | Time of aft. | Months | Tune of 
Chr and the Day Chr and the Day 

2 Days. | or Night. Days. | or Night 
17910 D Oct. 12 M. [11795] Feb. 1 M. | 
11792[©jSept. 160611 M. 1795 O July 0 q M. 
1:793]) [Feb. 2510 A. 1795 D Duly 31 8 A, 
[1793 © jSept. 5 3 A. 1797[Oſſune 25] 8 A, | 
1794O [an. 314 A. 1797] ) Dec. 4 6 NM. | 
11794{) }Feb, 14/11 A. T. fj1798] » [May 27] 7 . 
1794 O Aug. 251 6 A. 1800 D Oct. 211 A. . 
328. A Lift of Eclipſes, and hiſtorical Events, 


which happened about the ſame Times, from Rie- 
CIOLUS, | 


Before Can 1sT. 

754\Zuly 5] But according to an old Calen- 
| dar, this Eclipſe of the Sun was 
| on the 21ſt of April, on which 
14 day the foundations of Rome were 
| laid; if we may believe Taruntius 


| LEFT mManus.: 


721jMarch 19] A total Eclipſe of the Moon. 
The. Aſſyrian Empire at an end; 
| the Bavylonian eſtabliſhed. 
58 5 May 28] An Eclipſe of the Sun foretold Hiſtorical 


by THALES, by which a peace was Eclipſe, 


brought about between the Medes 
land Lydians. 

An Eclipſe of the Moon, which 
eas followed by the death of 
CAMBYSES. _ 

An Eclipſe of the Moon, which 


592 19 
Was followed by the ſlaughter of 
| the Sabines, and death of Valerius 
4 Publicola, 
463|/April go An Eclipſe of the Sun. The 


Perſian war, and the falling-off of 
| | [the Perſians from the Egyptians. 


4 


An 


272 


Before Cun1sT. 


43 18 25 


431 
473; 


394 Auguſt 14 


168 


* uſt 3 
Auguſt 27 


Une 21 


Of Eclipſes. 


An Eclipſe of the Moon, which 
was followed by a great famine at 
Rome; and the beginning of the 
Peloponneft an war. | 

A total Eclipſe of the Sun. A 
Comet and Plague at Athens *. 

A total Eclipſe of the Moon. 
Nicias with his ſhip deſtroyed at 
Syracuſe. 

An Eclipſe of the Sun. The 
Perfians beat by Conon in a ſea- en- 
gagement. RR 

A total Eclipſe of the Moon. 
The next day Perſeus King of 
Macedonia was conquered by 


After CRIST. 


59 
237 
306 
545 


oo 


1133 


April 30 


July 27 


May 4 


Paulus Emilius. 


An Eclipſe of the Sun. This 
is reckoned among the prodigies, 
on account of the murder of 


IAgrippinus by Nero. 
April 12 


A total Eclipſe of the Sun. A 
ſign that the reign of the Gordiani 
would not continue long. A ſixth 
perſecution of the Chriſtian: . 

Ap Eclipſe of the Sun. The 
Stars were 7 and the Emperor 
Conſtantius died. 

A dreadful Eclipſe of the Sun. 


And Lewis the Pious died within 
ſix months after it. 


And 


Auguſt 2 


| 


An Eclipſe of the Sun. 


Jeruſalem taken by the Saracens. 


A terrible Eclipſe of the Sun. 
The Stars were ſeen. A ſchiſm in 
the Church, occaſioned by there 


being three Popes at once. 


* This ; Eclipſe happened in the firſt year or the Peloponne- 
ſian war. 
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Of Eclipſes. 273 


I have not cited one half of R1ccroLus's The ſuper- 
Ty of portentous Eclipſes; and for the ſame rea- t fe 
ſon that he declines giving any more of them than ancients 
what that liſt contains; namely, that it is moſte Teiges, 
diſagreeable to dwell any longer on ſuch nonſenſe, 
and as much as poſſible to avoid tiring the reader: 
the ſuperſtition of the ancients may be ſeen by the 
few here copied. My author farther ſays, that 
there were treatiſes written to ſhew againſt what 
regions the malevolent effects of any particular 
Iclipſe was aimed; and the writers affirmed, that 
he effects of an Eclipſe of the Sun continued as 
any years as the Eclipſe laſted hours; and that 
of the Moon as many months. 
330. Yet ſuch idle notions were once of no ſmall very fortu- 
advantage to CHRISTOPHER CoLUMBUs, who, intens, 
he year 1493, was driven on the iſland of Jamaica, rr 
here he was in the greateſt diſtreſs for want of 1-4" 
droviſions, and was moreover refuſed any aſſiſtance 
rom the inhabitants; on which he threatened 
hem with a plague, and told them, that in token 
f it, there ſhould be an Eclipſe : which accord- 
1gly fell on the day he had foretold, and fo terri- 
ed the Barbarians, that they {trove who ſhould 
pe firſt in bringing him all forts of proviſions; 
browing them at his feer, and imploring his for- 
iveneſs. RiccioLus's A{mageſt, Vol. I. I. v. c. it 
331. Eclipſes of the Sun are more frequent than why there 
f the Moon, becauſe the Sun's ecliptic limits r 
reater than the Moon's, F 217: yet we have moreof the Moon 
iſible Eclipſes of the Moon than of the Sun, be- << 
auſe Eclipſes of the Moon are ſeen from all parts 
f that Hemiſphere of the Earth which is next 
er, and are equally great to each of thoſe parts; 
ot the Sun's Eclipſes are viſible only to that ſmall 


W- 
qv 


orion of the Hemiſphere next him whereon the 
Loon's ſhadow falls, as 5 ſhall be explained by and 
Vat large. 

I 232, The Moon's Orbit being elliptical, and 
ae Earth in one of its focuſes, ſhe is once at her 
* leaſt 
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274 Of Eclipſcs. 
PLATE. leaſt diſtance from the Earth, and once at her 


rig. 1. greatelt in every Lunation. When the Moon 
changes at her leaſt diſtance from the Earth, and 
ſo near the Node that her dark ſhadow falls upon 
the Earth, ſhe appears big enough to cover the 
whole * Diſc of the Sun from that part on which 
Total and her ſhadow falls; and the Sun appears totally 
A N dt eclipſed there, as at 4, for ſome minutes: but 
the Sn. when the Moon changes at her greateſt diſtance 
from the Earth, and ſo near the Node that her dark 
| ſhadow is directed toward the Earth, her diame- 
| ter ſubtends a leſs angle than the Sun's; and there- 
1 fore ſhe cannot hide his whole Diſc from any part 
of the Earth, nor does her ſhadow reach it at that 
time; and to the place over which the point of 
her ſhadow hangs, the Eclipſe is annular, as at B; 
the Sun's edge appearing like a luminous ring all 
around the body of the Mcon. When the Change 
happens within 17 degrees of the Node, and the 
Moon at her mean diſtance from the Earth, the 
point of her ſhadow juſt touches the Earth, and 
ſhe ecliples the Sun totally to that ſmall ſpot 
whereon her ſhadow falls; but the darkneſs is not 
of a moment's coatinuance. 
Thelongeſt 333. The Moon's apparent diameter, when largeſt, 
duration of exceeds the Sun's, When leaſt, only 1 minute 38 
total Eclip- f | 5 
ſes of the ſeconds of a degree: and in the greateſt Eclipſe 
Sun. of the Sun that can happen at any time and place, 
the total darkneſs continues no longer than while 
the Moon is going 1 minute 38 ſeconds from the 
Sun in her Orbit; which is about 3 minutes and 
13 ſeconds of an hour. 
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To how 334. The Moon's dark ſhadow covers only a 

e e the ſnot on the Earth's ſurface, about 180 Engliſh miles 
arththe | | . 

Sun may be broad, when the Moon's diameter appears largeſt 

totally or | 

Tapes at * Although the Sun and Moon are ſpherical bodies, as 

ence. ſeen from the Earth they appear to be circular planes; and ſo 


would the Earth do, if it were ſcen from the Moon. The 
apparently flat ſurfaces of the Sun and Moon are called their 
Diſcs by Aitronomerse | 


and 
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and the Sun's leaſt; and the total darkneſs can ex- 
tend no farther than the dark ſhadow covers. Yet 


the Moon's partial Shadow or Penumbra may then 
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PLATE 
XI. 


cover a circular ſpace 4900 miles diameter, within 


all which the Sun is more or leſs eclipſed, as the 
places are leſs or more diſtant from the Center of 
the Penumbra. When the Moon changes exactly 
in the Node, the Penumbra is circular on the 
Earth at the middle of the general Eclipſe; be- 
cauſe at that time it falls perpendicularly on the 
Earth's ſurface: but ar every other moment it 
falls obliquely, and will therefore be elliptical, 
and the more ſo, as the time is longer before or 
after the middle of the general Eclipſe; and then, 
much greater portions of the Earth's ſurface are 
involved in the Penumbra. 

335. When the Penumbra firſt touches the 
Earth, the general Eclipſe begins: when it leaves 
the Earth, the general Eclipſe ends: from the be- 
ginning to the end the Sun appears eclipſed in ſome 
part of the Earth or other. When the Penumbra 
touches any place, the Eclipſe begins at that place, 
and ends when the Penumbra leaves it. When the 
Mcon Changes in the Noce, the Penumbra goes over 
the centre of the Earth's Diſc as ſeen from the 
Moon; and conſequently, by deſcriving the longeſt 
line poſſible. on the Earth, continues the longeſt 
upon it; namely, ata mean rate, 5 hours 50 Mis 
nutes: more, if 5 Moon be at her greatett diſ- 
tance from the Earth, becauſe ſhe then moves 
ſloweſt; leſs, if he be at her leaſt diſtance, be- 
8560 of her quicker motion. 


Duration of 
general and 
particular 
Ecliples. 


36. To make the laſt five articles and 8 11. 


We. phenomena plainer, let & be the Sun, E the 
Earth, Athe loon, and 4M P the Moon's Orbit. 
Draw the right line Wc 12 from the weitern tide 
of the Sun at V, touching the weſtern fide of the 
Moon at cy and the Karth at 12: draw ail the 
right line“ d 12 from the eattern fids of he Sun 
al 27 touching tue eaſtern fide of tue Moon at a, 

SS and 


— 2 
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and the Earth at 12: the dark ſpace ce 12 4 included 
between thoſe lines in the Muon's ſhadow, ending 


The Moon's 10 a point at 12, Where it touches the Farth: bes 


d ark ſha- 
dow. 


and Penum-» 
bra. 


Digits, 
W. at. 


cauſe in this caſe the Moon is ſuppoſed to change 


at M in the middle between A the Apogee, or far- 
theſt point of her Orbit from the Earth, and P the 


Perigee, or neareſt point to it. For, had the point 
P been at M, the Moon had been nearer the Earth; 
and her dark ſhadow at e would have covered a 
ſpace upon it about 180 miles broad, and the Sun 
would have been totally darkened, as at A (Fig. I.) 
with ſome continuance : but had the point A 
(Fig.*II.) been at M, the Moon would have been 
farther from the Earth, and her ſhadow would have 
ended in a point about e, and therefore the Sun 
would have appcared, as at B (Fig. I.) like a lu- 
minous ring all around the Moon. Draw the right 
lines W Xdh and Y x cg, touching the contrary 
ſides of the Sun and Moon, and ending on the 
Earth at à and 5: draw alſo the right line S AM 
12, from the center of the Sun's Ditc, through the 
Moon's centre, to the Earth at 12; and ſuppoſe 
the two former lines Nd and Ac g to revolve 
on the line S XM 12 as an Axis, and their points 
a and b will deſcribe the limits of the Penumbra 
7 7 on the Earth's ſurface, including the large 
ſpace ao 6 12 4; within which the Sun appears 
more or leſs eclipſed, as the places are more or leſs 
diſtant from the verge of the Penumbra a © 6. 
Draw the right line y 12 acroſs the Sun's Diſc, 
perpendicular to SA, the Axis of the Penumbra: 
then, divide the line y 12 into twelve equal parts, 
as in the Figure, for the twelve * Digits of the 
Sun's diameter: and at equal diſtances from the 
centre of the Penambra at 12 (on the Earth's ſur- 
face JE) to its edge a , draw twelve concen- 
tric Circles, as marked with the numeral Figures 
1 2 3 4, &c. and remember that the Moon's mo- 
* A Digit is a twelfth part of the diameter of the Sun and 


Moon. 
tion 
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tion in her Orbit AMP is from Weſt to Eaſt, as PLATE 


froms tot. Then, 

To an obſerver on the Earth at 6, the eaſtern The differ- 
limb of the Moon at d ſeems to touch the weſtern fad 
limb of the Sun at W, when the Moon is at M; Eclipſe. 
and the Sun's Eclipſe begins at b, appearing as at 
A in Fig. III. at the left hand; bur, at the ſame 
moment of abſolute time to an obſerver at à in 
Fig. II. the weſtern edge of the Moon at c leaves 
the eaſtern edge of the Sun at J, and the Eclipſe 
ends, as at the right hand C of Fig. III. At the 
very ſame inſtant, to all thoſe who live on the Cir- 
cle marked 1 on the Earth E in Fig. II. the Moon 
M cuts off or darkens a twelfth part of the Sun S, 
and eclipſes him one Digit, as at 1 in Fig. III: to 
thoſe who live on the Circle marked 2 in Fig. II, 
the Moon cuts off two twelfth parts of the Sun, 
as at 2 in Fig. III: to thoſe on the Circle 3, three 
parts; and ſo on to the centre at 12 in Fig. II, 
where the Sun is centrally eclipſed, as at B in the 
middle of Fig. III; under which Figure there is a pig. 111, 
ſcale of hours and minutes, to ſhew at a mean rate 
how long it is from the beginning to the end of a 
central Eclipſe of the Sun on the parallel of Lon- 
don; and how many Digits are eclipſed at any par- 
ticular time from the beginning at A to the middle 
at B, or the end at C. Thus, in 16 minutes from 
the beginning, the Sun is two Digits eclipſed; in 
an hour and five minutes, eight Digits; and in an 
| hour and thirty-ſeven minutes, 12 Digits. 
| 337. By Fig II. it is plain, that the Sun is to- 
>, tally or centrally eclipſed but to a ſmall part of the 
| Earth at any time; becauſe the dark conical ſhadow 
eof the Moon M falls but on a ſmall part of the pig. II. 
| Earth: and that a partial Eclipſe is confined at 
that time to the ſpace included by the Circle a 0 6, 
| of which only one half can be projected in the 
Figure, the other half being ſuppoſed to be hid by 
the convexity of the Earth E: and likewiſe, that 
no part of the Sun 15eclipſed to the large ſpace T 

Th - of 
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P'ATE of the Farth, becauſe the Moon fs not between the 
rue Velo, Sun and any of that part of the Earth: and there- 
18 \ Slo- . . . . 
ctv of the fore to all that part the Eclipſe is inviſible. The 


a , Earth turns eaſtward on its Axis, as from g to , 
the Earth Wich is the lame way that the Moon's ſhadow 
moves; but the Moon's motion is much ſwifter in 
her Orbit from s to f: and therefore, although i 
Eclipſes of the Syn are of longer duration on ac- 


count of the Earth's motion on its Axis than they 
would be if that motion was ſtopt, yet in four mi- 
nutes of time at moſt the Moon's twitter motion 
carries her dark ſhadow quite over any place that 
its centre touches at the time of greateſt obſcura- 
tion. The motion of the ſhadow on the Earth's 
Diſc is equal to the Moon's motion from the Sun, 
which is about 304 minutes of a degree every hour 
at a mean rate; but ſo much of the Moon's Orbit 
is equal to 304 degrees of a great Circle on the 
Eartu, d 220; and therefore the Moon's ſhadow 
goes 302 degrees or 1830 geographical miles on 
the Earth in an hour, or 30 miles in a minute, 
which is almoſt four times as ſwift as the motion of 
a cannon-ball, 
338. As ſeen from the Sun or Moon, the Earth's 
Axis appears differently inclined every day of the 
year, on account of keeping its paralleliſm through- 
Fig. IV. out its annual courſe. Let E, D, O, N be the 
Earth at the two Equinoxes and the two Solſtices, 
NS its Axis, N the North Pole, & the South Pole, 
A. © the Equator, T the Tropic of Cancer, the 
Tropic of Capricorn, and A BC the Circumference 
Phenomena Of the Earth's enlightened Diſc as ſcen from the 
ofthe ton Sun or New Moon at theſe times. The Earth's 
tue Sun or Axis has the poſition NES at the vernal Fate 
N geren lying toward the right hand, as ſeen from the Sun 
times of the or New Moon; its Poles N and & being then in 
year. the Circumference of the Diſc; and the Equator 
and ah its parallels ſeem to be ſtraight lines, be— 
caule their planes paſs through the obſerver's eye 
looking down upon the Earth from the * Or 
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Moon directly over E, where the Ecliptic FG in- 


the Earth's Axis has the poſition N D S; and that 
part of the Ecliptic F G, in which the Moon is 
then New, touches the Tropic of Cancer T at D. 
The North Pole N at that time inclining 234 de- 
grees toward the Sun, falls ſo muy degrees within 
the Earth's enlightened Diſc, becaule the Sun is 
then vertical to D, 234 degrees north of the Equa- 
tor A Q; and the Equator with all its parallels 
ſeem elliptic curves bending downward, or toward 
the South Pole, as ſeen from the Sun: which Pole, 
together with 234 degrees all round it, is hid be- 
hind the Diſc in the dark Hemiſphere of the Earth, 


At the Autumnal Equinox, the Earth's Axis has 


the poſition NOS, lying to the left hand as ſeen 
from the Sun or New Moon, which are then ver- 
tical to O, where the Ecliptic cuts the Equator 
E 2. Both Poles now lie in the circumference 
of the Diſc, the North Pole juſt going to diſap- 
pear behind it, and the South Pole juſt entering 
into it; and the Equator with all its parallels ſeem 
to be ſtraight lines, becauſe their planes paſs 
through the obſerver's eye, as ſeen from the Sun, 
and very nearly ſo as ſeen from the Moon. At 
the Winter Solſtice, the Earth's Axis has the po- 
ſition NVS; when its South Pole &, inclining 23+ 
degrees toward the Sun, falls 235 degrees within 
the enlightened Diſc, as ſeen from the Sun or New 
Moon, which are then vertical to the Tropic of 


Capricorn t, 234 degrees ſouth of the Equator 


A 9; and the Equator with all its parallels ſeem 
elliptic curves bending upward; the North Pole 


being as far behind the Diſc in the dark Hemi- 
{phere, as the South Pole is come into the light. 


The nearer that any time of the year is to the 
Equinoxes or Solſtices, the more it pa:takes of the 
Phenomena relating to them. 


339. Thus it appears, that from the vernal Equi- 


nex to the Autumual, the North Pole is enlighten- 


bs oy ed; 


terſects the Equator #. At the ſummer Solſtice, 
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. 
Various po- 
fitions of 
the karths 
Axis are 
ſeen from 
the Sun at 
different 
times of the 
year. 


How theſe 
poſitions at- 
fect ſolar 
Eclipſes. 


Fig. IV. 


Of Eclipſes. 
PLATE ed; and the Equator and all its parallels appear 


elliptical as ſeen from the Sun, more or leis curved 
as the time 1s nearer to or farther from the Sum- 
mer Solſtice; and bending downward, or toward 
the South Pole; the reverſe of which happens 
from the Autumnal Equinox to the Vernal. A 
little conſideration will be ſufficient to convince 
the reader, that the Earth's Axis inclines toward 
the Sun at the Summer Solſtice; from the Sun at 
the Winter Solſtice; and Sidewiſe to the Sun at 
the Equinoxes; but toward the right hand, «as 
ſeen from the Sun at the Vernal Equinox: and to— 
ward the leit hand at the Autumnal. From the 
Winter to the Summer Solſtice, the Earth's Axis, 
inclines more or leſs to the right hand, as ſeen from 
the Sun; and the contrary from the Summer to 
the Winter Solſtice. 

340. The different poſitions of the Earth's Axis, 
as tcen from the Sun at different times of the year, 
affect ſolar Eclipſes greatly with regard to particu- 
lar places; yea ſo far as would make central Eclip— 


ſes which fall at one time of the year inviſible if 


they had fallen at another, even though the Moon 
ſhould always change in the Nodes, and at the fame 
hour of the day: of which indefinitely various at- 
fections, we ſhall only give Examples for the times 
of the Equinoxes and Solſtices. 

In the ſame Diagram, let FG be part of the 
Ecliptic, and IX, il, i k, ik part of the Moon's 
Orbit; both ſeen edgewiſe, and therefore projected 
into right lines; and let the interſections N, O, 
B.. be one and the ſame Nodes at the above times, 
when the Earth has the forementioned different 
poſitions; and let the ſpace included by the Cir- 
cles P, p, P, p, be the Penumbra at theſe times, as 
its centre is paſſing over the centre of the Earth's 
Diſc, At the Winter Solſtice, when the Earth's 
Axis has the poſition N NS, the centre of the Pe- 
numbra P touches the Tropic of Capricorn 7 in N 
at the middle of the general Eclipſe; but no par 
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of the Penumbra touches the Tropic of Cancer 7. 
At the Summer Solftice, when the Earth's Axis 
has the poſition NDS (i Dk being then part of 
the Moon's Orbit, whoſe Node is at D), the Pe- 
numbra p has its centre at D, on the Tropic of 
Cancer 7, at the middle of the general Eclipſe, 
and then no part of it touches the Tropic of Ca- 
pricorn 7. At the autumnal Equinox, the Earth's 
Axis has the poſition NOS (i0 & being then part 
of the Mcon's Orbit) and the Penumbra equally 
includes part of both Tropics T and t at the middle 
of the general Eclipſe : at the Vernal Equinox it 
does the ſame, becauſe the Earth's Axis has the 
polition NES: but, in the former of thele two 


laſt caſes, the Penumbra enters the Earth at A, 


north of the Tropic of Cancer T, and leaves it at 
mM, ſouth of the Tropic ot Capricorn ?; having 
gone over the Earth obliquely ſouthward, as its 
center deſcribed the line AO m: whereas, in the 
latter caſe, the Penumbra touches the Earth at u, 
ſouth of the Equator A Q, and deſcribing the 
line nEq (ſimilar to the former line AO m in open 


ſpace} goes obliquely northward over the Earth, 


and leaves it at 9, north of the Equator. 
In all theſe circumſtances, the Moon has been 
ſuppoſed to change at noon in her deſcendin 


Node : had ſhe changed in her aſcending Node, the 


Phenomena would have been as various the con- 
trary way, with reſpect to the Penumbra's going 
northward or fouthward over the Earth. But be- 
cauſe the Moon changes at al] hours, as often in 
one Node as in the other, and at all diſtances from 


them both at different times as it happens, the va- 


riety of the Phaſes of Eclipſes are almoſt innume- 
rable, even at the fame places; conſidering alſo 
how variouſly the fame places are ſituated on the 
enlightened Diſc of the Earth, with reſpect to the 
Penumbra's motion, at the different hours when 
Eclipſes happen, 


341. When 
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How mach 34. When the Moon changes 17 degrees ſhort 
nambrafalls Of her deſcending Node, the Penumbra P 18 juſt 
onetart? touches the northern part of the Earth's Diſc, 
diſtances hear the North Pole N; and as ſeen from that 
Rom ce Place, the Moon appears to touch the Sun, but 
' hides no part of him from ſight. Had the Change 
been as far ſhort of the aſcending Node, the Pe- 
numbra would have touched the ſouthern part of 

the Dilc near the South Pole S. When the Moon 
changes 12 degrees ſhort of the deſcending Node, 

more than a third part of the Penumbra P 12 falls 

on the northern parts of the Earth at the middle of 

the general Eclipſe : had ſhe changed as far paſt 

the ſame Node, as much of the other ſide of the 
Penumbra about P would have fallen on the ſouth- 

ern part of the Earth ; all the reſt in the expanſum, 

or open ſpace. When the Moon changes 6 degrees 

from the Node, almoſt the whole Penumbra P 6 

falls on the Earth at the middle of the general 
Eclipſe. And laſtly, when the Moon changes in 

the Node at N, the Penumbra P N takes the 

longeſt courſe poſſible on the Earth's Diſc; its 

center falling on the middle of it, at the middle 

of the general Eclipſe. The farther the Moon 

changes from either Node, within 17 degrees of 

it, the ſhorter is the Penumbra's continuance on 

the Earth, becauſe it goes over a leſs proportion of 

the Diſc, as is evident by the Figure. 

The Earth's 342. The nearer that the Penumbra's center is to 
pry nem the Equator at the middle of the general Eclipſe, 
ens the au- the longer is the duration of the Eclipſe at all 
Far Eclipſes thoſe places where it is central ; becauſe, the nearer 
which fall that any place is to the Equator, the greater is the 
>olar Cir- Circle it deſcribes by the Earth's motion on its 
cies. Axis; and ſo, the place moving quicker, keeps 
longer in the Penumbra, whoſe motion is the ſame 

way with that of the place, though faſter, as has 

been already mentioued, $. 337. Thus (ſee the 

Earth at D and the Penumbra at 12) while the 

point © in the polar Circle abcd is carried from # 

o 


I. 


r 


> wv Cy 


— 


Of Eclipſes. 


to c by the Earth's diurnal motion, the point d on 
the Tropic of Cancer T is carried a much greater 
length from d to D: and therefore, if the Pen- 
umbra's center goes one time over c, and another 
time over D, the Penumbiu will be longer in paſſ- 
ing over the moving piace d than it was in paſſing 
over the moving place 6, Conſequently, central 
Eclipſes about the Pol-s are of the ſhorteſt dura- 
tion; and about the Equator the longeſt. 

343 In the middle of Summer, the whole fri- 
gi Zone included by the polar Circle 464 d is en- 
Iigh:cned ; and if it then happens that the penum- 
bia's center goes over the North Pole, the Sun will 
be e pie! much the ſame number of Digits at a 
as ai cg but while the Penumbra moves eaſtward 
over c, it moves weſtward over a, becauſe, with 
reſpet to oe Penunbra, the motions of @ and c are 
con:1ary : for c moves the ſame way with the Pen- 
umbra toward d, but a moves the contrary way 
toward %; and therefore the Eclipſe will be of 
longer duration at c than at a, At a the Eclipſe 
begins on the Sun's eaſtern limb, but at c on his 
weltern : ai all places lying without the polar Cir- 
cles, the Sun's Eclipſes begin on his weſtern limb, 
or near it, and end on or near his eaſtern. Ar thoſe 
places wh.re the Penumbra touches the Earth, the 
Eclipſe begins with the rifing Sun, on the top of 
his weſtern or uppermoſt edge ; and at thoſe places 
where the Penumbra leaves the Earth, the Eclipſe 
ends with the ſetting Sun, on the top of his eaſtern 
edge, which is then the uppermoſt, juſt at irs diſ- 
appearing in the Horwon. Ns 

344. If the Moon were ſurrounded by an At- 
moſphere of any conſiderable denſity, it would 
ſeem to touch the Sun a little before the Moon 
made her appulſe to his edge, and we ſhould ſee a 
little faintneſs on that edge before it were eclipſed 
by the Mon: but as no ſuch faintneſs has been 
obſeryed, at leaſt ſo far as I ever heard, it ſeems 
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And ſhors 
ens the du- 
ration of 
ſome which 
fall within 
theſe Cir- 
cles. 


The Mook 


has no At- 


moſphere. 


plain, that the Moon has no ſuch Atmoſphere as that 


>= of 
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PLATE of the Farth. The faint ring of light ſurrounding 
XI. the Sun in total Eclipſes, called by Cass1x1, 1a © 
Chevelure du Soleil, ſeems to be the Atmoſphere of 
the Sun; becauſe it has been obſerved to more 
equally with the Sun, not with the Moon. bs 

245. Having ſaid ſo much about Eclipſes of 

the Sun, we ſhall drop that ſubject at preſent, and 
proceed to the doctrine of lunar Eclipſes: which, 
being more ſimple, may be explained in leſs | J 
time. Me 

Eclipfes of That the Moon can never be eclipſed but at the | 

te Noon. time of her being Full, and the reaſon why ſhe is þ 
not eclipſed at every Full, has been ſhewn already, | 
§ 316, 317. Let 8 be the Sun, £ the Earth, RR | 
the Earth's ſhadow, and B the Moon in oppoſition FE 

Fig. It. to the Sun: in this ſituation the Earth intercepts Þ 
the Sun's light in its way to the Moon; and when 
the Moon touches the Earth's ſhadow at v, ſhe be- 
gins to be eclipſed on her eaſtern limb x, and con- 
tinues eclipſed until her weſtern limb y leaves the 
ſhadow at w; at B ſhe is in the middle of the 
ſhadow, and conſequently in the middle of the 
Eclipſe. 

346. The Moon when totally eclipſed is not in- 
viſible, if ſhe be above the Horizon and the Sky 
be clear ; but appears generally of a duſky colour 
like tarniſhed copper, which ſome have thought to 
be the Moon's native light, But the true cauſe of 

Why the her being viſible is the ſcattered beams of the Sun, 
Moon da. bent into the Earth's ſhadow by going through the 
tal Eclipſe. Atmoſphere ; which, being more denſe near the 
Earth than at conſiderable heights above it, re- 
fracts or bends the Sun's rays more inward, F 179; 

and thoſe which paſs neareſt the Earth's ſurface, 

are bent more than thoſe rays which go through 

higher parts of the Atmoſphere, where it 1s 

lels denſe, untill it be ſo thin or rare as to loſe 

its refractive power. Let the Circle 7g 7, con- 

centric to the Earth, include the Atmoſphere, 

whoſe refractive power vaniſhes at the heights 4 

all 
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tally eclipſed in the Horizon when the Sun was 
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q and i; ſo that the rays //w and Viv go on 8 2 


ſtraight without ſuffering the leaſt refraction: But 
all thoſe rays which enter the Atmoſphere between 


1, and , and between i and /, on oppoſite ſides of 


the Earth, are gradually more bent inward as they 


7 o0 through a greater portion of the Atmoſphere, 
until the rays Wk and Y touching the Earth at 


m and u, are bent ſo much as to meet at g, a little 
ſhort of the Moon ; and therefore the dark ſhadow 


of the Earth is contained in the ſpace mogpn, 
where none of the Sun's rays can enter: all the 
reſt RR, being mixed by the ſcattered rays which 
are refracted as above, is in ſome meaſure enlight- 
ened by them; and ſome of thoſe rays falling on 
the Moon, give her the colour of tarniſhed copper, 
or of iron almoſt red-hot. So that if the Earth 


had no Atmoſphere, the Moon would be as invi— 
ſible in total Eclipſes as ſne is when New. If tlie 


Moon were ſo near the Earth as to go into its dark 


| ſhadow, ſuppoſe about p o, ſhe would be inviſible 
bas her ſtay in it; but viſible before and after 
in the fainter ſhadow RR. 
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347. When the Moon goes through the center Why the 
of the Earth's ſhadow, ſhe is directly oppoſite to 
the Sun: yet the Moon has been often ſeen to- ſometimes 


Sun and 
Moon are 


viſible when 
the Moon 


© alſo viſible in the oppoſite part of it: for, the ho- is orally 
© rizontal refraction being almoſt 34 minutes of a 
degree, § 181, and the diameter of the Sun and 
I Moon being each at a mean ſtate but 32 minutes, 
the refraftion cauſes both Luminaries to appear 
above the Horizon when they are really below it, 


9 72 


348. When the Moon is Full at 12 degrees g. v. 
from either of her Nodes, ſhe juſt touches the 
© Earth's ſhadow, but enters not into it. Let GH 
be the Ecliptic, e f the Moon's Orbit where ſhe is 
12 degrees from the Node at her Full; cd her 
Orbit where ſhe is 6 degrees from the Node, a 5 
her Orbit where he 1 is Full in the Node, A B the 


Earth's 
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| Duration Earth's ſhadow, and M the Moon. When the 0 


2 Moon deſcribes the line « f, ſhe juſt touches the | 

tke Moon. ſhadow, but does not enter into it; When ſhe de-.“ 

ſcribes the line cd, ſhe is totally, though not cen. | 

trally, immerſed in the ſhadow ; and when ſhe de- 

ſcribes the line ab, the paſſes by the Node at M 

in the center of the ſhadow, and takes the longeſt Þ* 

line poſſible, which is a diameter, through it: and 

ſuch an Eclipſe being both total and central is of 

the longeſt duration, namely, 3 hours 57 minutes 

6 ſeconds from the beginning to the end, if the | 

Moon be at her greatett diſtance from the Earth: | 

and 3 hours 37 minutes 26 ſeconds, if ſhe be at! 

her leaſt diſtance. The reaſon of this difference 

is, that when the Moon is fartheſt from the Earth, 

ſhe moves the floweſt; and when neareſt to it, 

quickeſt. 
Digits. 349. The Moon's diameter, as well as the Sun's, 
is {ſuppoſed to be divided into twelve cqual parts, 
called Digits; and fo many of theſe parts as are 
darkened by the Earth's ſhadow, To many Digits 
is the Moon eclipſed. All that the Moon is 
eclipſed above 12 Digits, ſhew how far the ſhadow 
of the Earth is over the body of the Moon, on 
that edge to which ſhe is neareſt at the middle of 
the Eclipſe. 

Why the 350. It is difficult to obſerve - exaily either the 
. pr beginning or ending of a lunar Eclipſe, even with 
a lanar a good Jeleſcope; becauſe the Earth's ſhadow is 
wendig e faint and ill-defined about the edges, that when 
de deter- the Moon is either juſt touching or leaving it, the 
mined 2 obſcuration of her limb is ſcarae ſenſible; and 
therefore the niceſt obſervers can hardly be certain 
to ſeveral ſeconds of time. But both the be- 
ginning and ending of ſolar Eclipſes are viſibly 
inſtantaneous ; for the moment that the edge d 
the Moon's Diſc touches the Sun's, his roundnels 
ſeems a little broken on that part; and the moment 


the leaves it, he appears perfectly round again. 
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381. In Aſtronomy, Eclipſes of the Moon are The ute of 
Jof great uſe for aſcertaining the periods of her — 
© FT motions; eſpecially ſuch Eclipſes as are obſerved Geography, 
"2 to be alike in all circumſtances, and have long in! no 
intervals of time between them. In Geogra- © 
phy, the Longitudes of places are found by 

ft 2 Eclipſes, as already ſhewn in the Eleventh Chap- 

q ter. In Chronology, both ſolar and lunar Eclipſes 

t ſerve to determine exactly the time of any paſt 

”" EY event: for there are ſo many particulars ob- 


8 "| 2 ſervable in every Eclipſe, with reſpect to its 
* By quantity, the places where it is viſible (if of the 
: = . . . . 
M Sun) and the time of the day or night; that it is 


4 impoſſible there can be two ſolar Eclipſes in the 


* 5 courſe of many ages which are alike in all circum- 
. ſtances, 

2352. From the above explanation of the doc- The dak- 
” trine of Eclipſes it is evident, that the darkneſs at ey 
% our SAVIOUR'S Crucifixion was ſupernatural. For crucifixion 
be ſuffered on the day on which the Paſſover was ſupernatu- 
are | - f 1 — 
s eaten by the 7e, on which day it was impoſſible 
5 * 


that the Moon's ſhadow could fall on the Earth; 
for the Jews kept the Paſſover at the time of Full 
Moon: nor does the darkneſs in total Eclipſes of 
the Sun laſt above four minutes in any place, & 333, 
whereas the darkneſs at the Crucifixion laſted three 
hours, Matt. xxviii. 1 5. and overſpread at leaſt all 
the land of Juuea. 
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CHAP. XIX. 


Shewing the Principles on which the following Aſtro- 
nomical Tables are conſtructed, and the Method of 
calculating the Times of New and Full Moons and 
Eclipſes by them. 


353. H E nearer that any object is to the eye 
of an obſerver, the greater is the angle 
under which it appears: the farther from the eye, 
the leſs. | 
The diameters of the Sun and Moon ſubtend 
different angles at different times. And, at equal 
intervals of time, theſe angles are once ar the 
greateſt, and once at the leaſt, in ſomewhat more 
than a complete revolution of the Luminary through 
the Ecliptic, from any given fixed Star to the ſame 
Star again.— This proves that the Sun and Moon 
are conſtantly changing their diſtances from the 
Earth; and that they are once at tir greateſt di- 
ſtance, and once at their leaſt, in little more than 
a compleat revolution. | 
The gradual differences of theſe angles are not 
what they would be, if the Luminaries moved in 
circular Orbits, the Earth being ſuppoſed to be 


placed at ſome diſtance from the center: but they 


agree perfectly with elliptic orbits, ſuppoſing the 
lower focus of each orbit to be at the center of the 


Earth. 


The fartheſt point of each Orbit from the 
Earth's center is called the Apogee, and the ncareſt 


point is called the Perigee.— Theſe points are di- 


rectly oppoſite to each other. 

Aſtronomers divide each Orbit into 12 equal 
parts, called Signs; each ſign into 30 equal parts, 
called Degrees; each degree into 60 equal parts, 
called Minutes; and every minute into 60 equal 
parts, called Seconds. The diſtance of the Sun or 


Moon from any given point of its orbit, is rec: 
koned 
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koned in ſigns, degrees, minutes and ſeconds. 

Here we mean the diſtance that the Luminary has 

moved through from any given point; not the 

ſpace it is ſhort of it in coming round again, though 
ever ſo little. 

The diſtance of the Sun or Moon from its 
Apogee, at any given time is called its mean 
Anomaly : fo that, in the Apogee, the Anomaly is 
nothing; in the Perigee, it is fix ſigns. 

The motions of the Sun and Motion are obſerved 
to be continually accelerated from the Apogee to 
the Perigee, and as gradually retarded from the 
Perigee to the Apogee; being floweſt of all when 
the mean Anal is nothing, and ſwifteſt of all 
when it is ſix ſigns. 

When the Luminary ! is in its Apogee or its Pe- 
rigee, its place is the ſame as it would be, if its 
motion were equable in all parts of its Orbit. — 
The ſuppoſed equable motions are called mean; 
the unequable are juſtly called the ?ruc: 

The mean place of the Sun or Moon is always 
forwarder than the true place ®, while the Lumi- 
nary is moving from its Apogee to its Perigee 3 


and the true place is always forwarder than the 


mean, While the Luminary is moving from its 
Perigee to its Apogee.—ln the former cate, the 
Anomaly is always leſs than fix ſigns; and in the 


latter caſe, more. 


It has been found, by a long ſeries of obſerva- 
tions, that the Sun goes through the Ecliptie, trom 
the Vernal Equinox to the ſame Equinox again, in 
365 days 5 hours 48 minutes 55 feronds: from the 


firſt Star of Aries to the ſame Star again, in 365 days 


6 hours 9 minutes 24 ſeconds: and from his Apogee 
to the ſame again, in 365 days 6 hours 14 minutes 
o ſeconds. — The firſt of theſe is called the Slar 
{car, the ſecond the Sydereal Year, and the third 


* The point of the Ecliptic in which the Sun or Moon is 
at any given moment of time, is called the pace of the Sun 
dt Moon at that times 


U „„ 
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the Anomaliſtic Year. So that the Solar Year is 20 
minutes 29 ſeconds ſhorter than the Sydereal ; and 
the Sydereal Year is 4 minutes 36 ſeconds ſhorter 
than the Anomaliſtic,—Hence it appears, that the 
Equinoctial Point, or interſection of the Ecliptic 
and Equator at the beginning of Aries, goes back- 
ward with reſpect to the fixed Stars, and that the 
Sun's Apogee goes forward. 

It is alſo obſerved, that the Moon goes through 
her Orbit, from any given fixed Star to the ſame 
Star again, in 27 days 7 hours 43 minutes 4 ſe- 
conds, at a mean rate: from her Apogee to her 
Apogee again, in 27 days 13 hours 18 minutes 


43 ſeconds: and from the Sun to the Sun again, 


in 29 days 12 hours 44 minutes 32 ſeconds.— 
This ſhews, that the Moon's Apogee moves for- 
ward in the Ecliptic, and 7hat at a much quicker 
rate than the Sun's Apogee does; ſince the Moon 
is five hours 55 minutes 39 ſeconds longer in re- 
volving from her Apogee to her Apogee again, 
than from any Star to the ſame Star again. 

The Moon's Orbit croſſes the Ecliptic in two 
oppoſite points, which are called her Nodes: and 
it 1s obſerved that ſhe revolves ſooner from any 
Node to the ſame Node again, than from any Star 
to the ſame Star again, by 2 hours 38 minutes 27 
ſeconds, which ſhews that her Nodes move back- 
ward, or contrary to the order of ſigns, in the 
Ecliptic. 

The time in which the Moon revolves from the 
Sun to the Sun again (or from change to change) 
is called a Lunation; which, according to Dr. 
Pouxnd's mean meaſures, would always conſiſt of 


29 days 12 hours 44 minutes 3 ſeconds 2 thirds 


58 fourths, if the motions of the Sun and Moon 
were always equable *. — Hence, 12 mean Luna- 


* We have thought proper to keep by Dr. Pounds length 
of a mean Lunation, becauſe his numbers come nearer to the 
times of the ancient Ecliples, than Mayer's do, without al- 
lowing for the Moon's «CCEIELALION, 
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tions contain 354 days 8 hours 48 minutes 26 
ſeconds 35 thirds 40 fourths, which is 10 days 21 
hours 11 minutes 23 ſeconds 24 thirds 20 fourths 
leſs than the length of a common Julian year, con- 
ſiſting of 365 days 6 hours; and 13 mean Lunations 
contain 383 days 21 hours 32 minutes 39 ſeconds 
38 thirds 38 fourths, which exceeds the length of 
a common Julian year, by 18 days 15 hours 32 
minutes 39 ſeconds 38 thirds 38 fourths. 

The mean time of New Moon being found for 
any given year and month, as ſuppoſe for March 
1700, Old Stile, if this mean New Moon falls later 
than the 11th day of March, then, 12 mean Luna- 
tions added to the time of this mean New Moon, 
will give the time of the mean New Moon in 
March 1701, after having thrown off 365 days.— 
But, when the mean New Moon happens to be be- 
fore the 11th of March, we muſt add 13 mean 
Lunations, in order to have the time of mean New 
Moon in March the year following : always taking 


care to ſubtract 365 days in common years, and 


366 days in leap-years, from the ſum of this 
addition. 

Thus, A. D. 1700, Old Stile, the time of mean 
New Moon in March was the 8th day, at 16 hours 


11 minutes 25 ſeconds after the noon of that day 


(viz, at 11 minutes 25 ſeconds paſt IV. in the 
morning of the gth day, according to common 
reckoning). To this we muſt add 13 mean Luna- 
tions, or 383 days 21 hours 32 minutes 39 ſeconds 
38 thirds 38 fourths, and the ſum will be 392 
days 13 hours 44 minutes 4 ſeconds 38 thirds 38 
fourths; from which ſubtract 365 days, becauſe 
the year 1701 is a common year, and there will 
remain 27 days 13 hours 44 minutes 4 ſeconds 38 
thirds 38 fourths for the time of mean New Moon 
in Mareh, A. D. 1701. 

Carrying on this addition and ſubtraction till 
A.D. 1703, we find the time of mean New Moon 
in March that year, to be on the 6th day, at 7 

U 2 ; hours 
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hours 21 minutes 17 ſeconds 49 thirds 46 fourths 
paſt noon ; to which add 14 mean Lunations, and 
the ſum will be 390 days 4 hours 53 minutes 57 
ſeconds 28 thirds 20 fourtl:s ; from which ſubtract 
366 days, becauſe the year 1794 18 a leap-year, and 
there will remain 24 days 4 hours 53 minutes 57 
ſeconds 28 thirds 20 fourths, for the time of mean 
New Moon in March, A. D. 17 704. 

In this manner was the firſt of the foilowin 
Tables conſtructed to ſeconds, thirds, and fourths ; 
and then wrote out to the neareſt feconds.—The 
reaſon why we choſe to begin the year with March, 
was to avoid the inconvenience of adding a day to 
the tabular time in leap-years after February, or 
ſubtractipg a day therefrom in January and Tebru— 
cry in thoſe years; to which all tables of this kind 
are ſubject, which begin the year with January, in 
calculating the times of New or Full Moons. 

The mean Anomalies of the Sun and Moon, and 
the Sun's mean motion from the aſcending Node 
of the Moon's Orbit, are ſet down in Table III. 
from one to 13 mean Lunations,—Theie Num- 
bers, for 13 Lunations, being added to the radical 


- Anomalies of the Sun and Moon, and to the Sun's 


mean diſtance from the aſcending Node, at the 
time of mean New Moon in March 1700, (Table I.) 
will give their mean Anomalies, and the Sun's mean 
diſtance ſrom the Node, at the time of mean New 
Moon in March 1701; and being added for 12 
Lunations to thoſe for 1701, give them for the 
time of mean New Moon in March 1702. And 
ſo on, as far as you pleaſe to continue the Table 


(which is here carried on to the year 1800) always 


throwing oft 12 ſigns when their ſum exceeds 12, 
and ſetting down the remainder as the proper 


quantity. 
If the Numbers belonging to 4. D. 1700 (in 


Table I.) be ſubtracted from thoſe belonging to 


1800, we ſhall have their whole differences in 109 
compleat Julian years; Which accordingly we find 
5 7 | to 
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to be 4 days 8 hours 10 minutes 52 ſeconds 15 
thir-is 40 fourths, with reſpect to the time of mean 
New Mnon.—l hele being added together 60 times 
(always taking care to throw off a whole Lunation 
when the days exceed 295) making up 60 centu- 
ries, or 6090 years, as in Table Vi. which was 
carried on to ſeconds, thirds, and fonrths; and 
then wrote out to the neareſt ieconds. . In the ſame 


manner were the reſpettive Anomalies and the Sun's | 


diſtance from the Node found, for theſe centurial 


years; and then (for want of room) wrote out only 
to the ncareſt minutes, which is ſufficient in whole 


centuries. By means of theſe two Tables, we may 


find the time of any mean New Moon in March, 
together with the Anomalies of the Sun and Moon, 
and the Sun's diſtance from the Node, at theſe 
times, within the limits of 6000 years, either be— 
fore or after any given year in the 18th century; 
and the mean time of any New or Full Moon in 
any given month after March, by means of the 
third and fourth Tables, within the ſame limits, as 
ſhewn in the precepts for calculation. 

Thus it would be a very eaſy matter to calculate 
the time of any New or Full Moon, if the Sun 
and Moon moved equably 11 all parts of their 
Orbits.—2ut we have already {hewn that their 
places are never the fame as they would be by 
cquable motions, except when, they are in Apogee 
or Perigee ; which is, when their mean Anomalies 
are either nothing, or ſix fizns: and that their 
mean places are always forwarder thaa their true 
places, while the Anomaly is leſs than ſix ſigns; 


and their true places are forwarder than the mean, 


While the Anomaly 1 is more. 
Hence it is evident, that while the Sun's Ano- 


maly is leſs than fix ſigns, the Moon will overt ike 


him, or be oppoſite to him, ſooner than ſhe could 


if his motion were equable; ; and later while his 


Anomaly is more than fix ſigns.— The greateſt dif- 
terence that can poſſibly happen between the mean 


"or aq 
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and true time of New or Full Moon, on account 
of the inequality of the Sun's motion, is 3 hours 
48 minutes 28 ſeconds: and that is, when the 
Sun's Anomaly is either 3 ſigns 1 degree, or 8 ſigns 
29 degrees ; ſooner 1n the firſt caſe, and later in 
the laſt, —In all other ſigns and degrees of Ano- 
maly, the difference is gradually leſs, and vaniſhes 
when the Anomaly is either nothing or fix ſigns. 

The Sun is in his Apogee on the zoth of June, 
and in his Perigee on the goth of December, in the 
preſent age: ſo that he is nearer the Earth in our 
winter than in our ſummer. The proportional 
difference of diſtance, deduced from the difference 
of the Sun's apparent diameter at theſe times, is 
as 983 to 107. 

The Moon's orbit is dilated in winter, and con— 
tracted in ſummer; therefore, the Lunations are 
longer in winter than in ſummer. The greateſt 
difference is found to be 22 minutes 29 ſeconds: 
the Lunations increaſing gradually in length while 
the Sun is moving from his Apogee to his Perigee, 
and decreaſing in length while he is moving from 
his Perigee to his Apogee. — On this account, the 
Moon will be later every time in coming to her 
conjunction with the Sun, or being in oppoſition 
to him, from December till June, and ſooner from 
June to December, than if her orbit had continued 
of the ſame ſize all the year round. 

As both theſe difterences depend on the Sun's 
Anomaly, they may be fitly put together into one 
Table, and called The annual, or firſt equation of the 
mean to the true * ſyzygy (fee 1able VII. ). This 
equational difference is to be ſubtracted from the 


time of the mean ſyzygy when the Sun's Anomaly 


is leſs than ſix ſigus, and added when the Anomaly 
is more, — At the greateſt, it is 4 hours 10 minutes 
57 ſeconds, viz. 3 hours 48 minutes 28 ſeconds, 
on account of the Sun's unequal motion, and 22 


* The word /9zygy ſignifies both the conjunction and oppo- 
fition of the Sun and Moon, 
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minutes 29 ſeconds, on account of the dilitation of 
the Moon's orbit. 

This compound equation would be Cofficient for 
reducing the mean time of New or Full Moon to 
the true time, if the Moon's orbit were of a 
circular form, and her motion quite equable in 
it.— But the Moon's Orbit is more elliptical than 
the Sun's and her motion in it ſo much the more 
unequal. The difference is ſo great, that ſhe is 
ſometimes in conjunction with the Sun, or in op- 
poſition to him, ſooner by 9 hours 47 minutes 54 
ſeconds, than ſhe would be if her motion were 
equable ; and at other times as much Jater,—The 
former happens when her mean Anomaly is 9 ſigns 
4 degrees, and the latter when it is 2 ſigns 26 de- 
grees. See Table IX. 

At different diſtances of the Sun from the Moon's 
Apogee, the figure of the Moon's Orbit becomes 
different, —It is longeſt of all, or moſt excentric, 
when the Sun is in the ſame fign and degree cither 


with the Moon's Apogee or Perigee; ſhorteſt of 


all, or leaſt excentric, when the Sun's diſtance 
from the Moon's Apogee is either three figns or 


nine ſigns; and at a mean ſtate when the diſtance 


is either 1 ſign 15 degrees, 4 ſigns 15 degrees, 7 
ſigns 15 degrees, or 10 ſigns 15 degrees —When 
the Moon's Orbit is at its greateſt excentricity, her 
apogeal diſtance from the Earth's center is to her 
perigeal diſtance from it, as 1067 is to 933 ; when 
leaſt excentric, as 1043 is to 957; and when at 
the mean ſtate, as 1055 is to 945. 

But the Sun's diſtance from the Moon's Apogee 
1s equal to the quantity of the Moon's mean Ano- 
maly at the time of New Moon, and by the addi- 
tion of fix ſigns, it becomes equal in quantity to 
the Moon's mean Anomaly at the time of Full 
Moon. Therefore, a table may be conſtrued lo as 
to anſwer all the various inequalities depending 
on the different excentricities of the Moon's Orbit, 
in the ſyzygies; and called The ſecond equation of 

U4 the + 


296 


The Conſtruction of the following Tables, 


the mean ſo the true ſyaigy (ſee Table IX.) and the 
Moon's Anomaly; when equated by Table VIII. may 
be made the proper argument for taking out this 
ſecond equation of time, which muſt be added to 
the former equated time, when the Moon's Ano- 


maly is lefs than fix ſigns, and ſubtracted when the 


Anomaly is more. IS 

There are ſeveral other inequalities in the Moon's 
motion, which ſometimes bring on the true ſyzygy 
a little ſooner, and at other times keep it back a 
little later than it would otherwiſe be: but they 
are ſo ſmall, that they may be all omitted except 


two; the former of which (/e Table X.) depends 


on the difference between the Anomalies of the Sun 
and Moon in the ſyzygies, and the latter ( /ce 
Table XI.) depends on the Sun's diſtance from 
the Mocn's Nodes at theſe times.—The greateſt 
difference ariſing from the former, is 4 minutes 58 


 leconds; and from the latter, 1 minute 34 ſeconds, 


Having deſcribed the Phenomena ariſmg from the ine- 
qualities of the Solar and Lunar Motions, we ſhall 
now fhew the reaſons of theſe inequalities. 


In all calculations relating to the Sun and Moon, 
we conſider the Sun as a moving body, and the 


Earth as a body at reſt; ſince all the appearances 


are the ſame, whether it be the Sun or the Earth 
that moves.—Put the truth is, that the Sun is at 
reſt, and the Earth moves round him once a year, 
in the plane of the Ecliptic. Therefore, whatever 
ſign and degree of the Ecliptic the Earth is in, at 
any given time, the Sun will then appear to be in 
the oppoſite ſign and degree. 

The nearer that any body 1s to the Sun, the 
more it is attracted by him; and this attraction 
increaſes as the ſquare of the diſtance diminiſhes ; 
and vice verſa. 

The Earth's annual Orbit 1s elliptical, and the 
Sun is placed in one of its focuſes, The remoteſt 
point 
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point of the Eartli's Orbit from the Sun is called 
The Earth's Aphelion; and the neareſt point of the 
Earth's Orbit to the Sun, is called The Earth's Peri- 
helion.—When the Earth is in its Aphelion, the 
Sun appears to be in its Apogee; and when the 
Earth is in its Perihelion, the Sun appears ta be 
in its Perigee. 

As the Earth moves from its Aphelion to its 
Perihelion, it is conſtantiy more and more attracted 
by the Sun; and this attraction, by conſpiring in 
ſome degree with the Earth's motion, muſt necel- 
tarily accelerate it. But as the Earth moves from 
its Perihelion to its Aphelion, it is continually 
leſs and leſs attracted: by the Sun; and as this at- 
traction acts then juſt as much againſt the Earth's 
motion, as it acted for it in the other half of the 
Orbit, it retards the motion in the like degree, — 
The faſter the Earth moves, the faſter will the Sun 
appear to move; the flower the Harth moves, the 
ſlower is the Sun's apparent motion. 

The Moon's Orbit is alſo elliptical, and the Earth 
keeps conſtantly in one of its focuſes.— The Earth's 
attraction has the ſame kind of influence on the 
Moon's motion, as the Sun's attraction has on tue 
motion of the Earth: and therefore, the Moon's 
motion muſt be continually accelerated while ſhe 
is paſſing from her Apogee to her Perigee ; and as 
gradually retarded 1n moving from her Perigee to 
her Apogee. 

Ar the time of New Moon, the Moon is nearer 
the Sun than the Harth is at that time, by the whole 
ſericiameter of the Moon's Orbit; which, at a mean 
itate, is 240,000 miles; and at the i ull, ſhe is as 
much farther from the Sun than the Earth then ts. 
—Confequently, the Sun attracts the Moon more 
than it attracts the Earth in the former caſe, aud 
leſs in the latter. The difference is greateſt when 
the Farth is neareſt the Sun, and leaſt when it is far- 
theſt from him. The obvious reſult of this is, that 
as Luc Earth is neareſt to the Sun in winter, and 
fartheſt 
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fartheſt from him in ſummer, the Moon's Orbit 
muſt be dilated in winter, and contracted in 
ſummer, 

Theſe are the principal cauſes of the difference 


of time, that generally happens between the mean 


and true times of conjunction or oppoſition of the 
Sun and Moon. As to the other two differences, 


012, thoſe which depend on the difference between 


the Anomalies of the Sun and Moon, and upon the 
Sun's diſtance from the lunar Nodes, in the ſyzy- 
gies, they are owing to the different degrees of 
attraction of the Sun and Earth upon the Moon, 
at greater or leſs diſtances, according to their re- 
ſpective Anomalies, and to the poſition of the 
Moon's Nodes with reſpect to the Sun. 

If ever it ſhould happen, that the Anomalies of 
both the Sun aad Moon were either nothing or fix 
ſigns, at the mean time of New or Full Moon, and 
the Sun ſhould then be in conjunction with either 
of the Moon's Nodes, all the above-mentioned 
equations would vaniſh, and the mean and true 
time of the ſyzygy would coincide. But if ever 
this circumſtance did happen, we cannot expect the 
like again in many ages afterward. _ 

Every 49th Lunation, (or Courſe of the Moon 
from Change to Change) returns very nearly to the 


ſame time of the day as before. For, in 49 mean 


Lunations there are 1446 days 23 hours 58 minutes 
29 ſeconds 25 thirds, which wants but 1 minute 
30 ſeconds 34 thirds of 1477 days. 

In 2953059085108 days, there are 100000000000 
mean Lunations exactly: and this is the ſmalleſt 
number of natural days in which any exact number 
of mean Lunations are completed, 
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1 TABLE I. The mean Time of New Moon in March, Old Stile; with tb 
* | mean Anomalies of the Sun and Moon, and the Sun's mean Diftance from 
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the Moon's Aſcending Node, from A. D. 1700 1 A. D. 1800 incluſive, 
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© | in March. Anomaly, Anomaly, from the Node. | . 
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| TABLE I. concluded. Old Stile. 
A < [Mean N Moon] Sun's mean | ny mean Pun's mean Dit. 
A 2 in March | Anomaly. Anomaly, from the Node. | 
15 —— — —— — — l e 
1 _ | — — 
I 7eyſis 12 49 3308 28 20 ½/7 4 37 3712 „ 23 38 
1766 6. 21 38 ce 8 17 360 ᷣ e „„ 25-4212. 8. 26: ag 
egg 19 10 409 5 58 2114 20 2 4803 7 9 2 
ieh 3 59 2008 25 14 1312 29 50 53] 3 25 12 14 
W774. 149: 4 #14: 90-9 x" 9.39604 "3: 28 28 
Nis 10 20 42% 2 52 170 15 16 4/5 17 58 3 
W:-72j11 19 9 19 i HT: (BET RR HE 50 
, 
17750 13 30 425 8 29 46 13 1 29 209] 7 6 49 3 
177708 10 19 128 19 2 5} 0 20 17 25] 7 14 40 28 
—— ] 3 , 
ww _ — EVER 
777127 7. 51 5 7 24 17] 5 25 54 3 8 23 32 a6 
77806 16 40 288 8 26 40 gf 4 5 42 30 1 35 13 
779 2. 29 415 / 4ilg9 9 38-0 
W730[23: 2 44.9 4.48. 190-4- 21. 9 47 10 $82 
78:13 7 so 21] 8- 23 34 o ©. 355 :-$2110-26 2 a 
1% 38 518 12 49 5810 1% 43 gn 4 26 35 
[783121 14 1 3% 1 -13..:100-9 10:22 3-0 x3 9.8 
e i 0: 33-85-20 28-9] 7 40-9. [0 21 "19 0 
s 2 32 54 % © 50 7 1 40 14]-1.::29 66 25 
z , 34 105.4 7.: 58 m9 
inne 8 17 21 50 3 21 22 24 16 9 69 
7885 11 42 409 5 44 1% 26 59 30/3 24 44 1 
780% 4 20 3 8 25 8 3, 0 47; 354: 2-40-08 
790) + 5 19 59 8 14 1% 35311 16 35 401 4. 10: 49. +35 
9112 2 52 39 9: ie 12: e 
$7921 7--.21 4 18 21 $3 50 „ gi 7 46 240 
P39 9 13 5519 10 16 11 JJ 40 7 0 .28- wil 
"64119 18 2 32 8 29 32 3 6 17 206 4 7 14. 21 13] 
745]..3...2... 54-18-18" -47- 3514.27 16, 9 7 22. "24 of 
e 6 23 48g. % 16 4.3 51: 199g; 1 :7-o 
79 9 12 248 26 25 50 2 12 39 199 9 9 48| 
899-5 - 18.1 1 $157 ß x9 1n 46 
᷑ f , 
ie 0 Cv»ᷣD»‚˖ a0 


302 Aſtronomical Tables. 


8 


— 


| * d 

TABLE II. Mean New Moon, Sc. in March, Neaw Stile, from A. D. 1752 
| to A. D. 1800. 
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| TABLE II. concluded, New Stile. 
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| : JA BLE III. Mean Anomalies, and Sun's mean Diflance from the Node, 
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> A BLE IV. The Days of the Year, reckoned from 10. 
| J 
beginning of March. 
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he Moon's Lati 
tude in HAclipfis. 


the Quantities for the 


proportioned by Sight. 


{he Moon's horizontal Parallax, oy, 
the Semidiameters and true Horary Motions of the 6, 
and Moon, to every fixth Degree of their mean Anomaly 
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Argument. Moon's ; 
equated. DiitanOeſhoeee eee once — ci 
from the Node. || = © PIE Eg LE OSA Ar T4 MM f 

bs OE 5.81 a5 38 [SS [SS s RE 

Signs > 5 5 =YS| SA aac 2 51% o - fri 
Oe E „ So e 8348 "|" 2 
North Hiſcending. I 7 ® 8 5 in 

— — — — 75 of 

6 Sigus. 8 617% :4 / 7 . / mH / 7 ta. 

South Diſcending. 1 LS = 

— | 954 29015 5014 5430 10] 2 23 1 . 

Jo ET | © 6054 3115 50614 550390 121 2 23 7 ha 

F 12154 34j15 50/4 560630 15] 2 23 A 
of © 930 18054 40015 $1114 573 19 2 23 N 
1 8078 2454 47/15 51/14 58/30 20} 2 23 Hie 
i 3018 | — 5 
33 15 45/27 1 5001 5 52114 5939 34/2 24 8 th 
4 20 5926 6135 Orgs 5315 1130 44/2 24 me 

{.$}- © 20 - 13/25 12135 717]'5 5415 4/139. 55| 2 24 or 
3 26 24 1855 2915 55015 3 992 24 8 
7 oO. 36 39/23 24458 42115 '$Oltg  1213r 231 2 25 Ii. 

O 41 51122 | hs 
gf „ 47 2z{2i|2 olss 5615 58]15 17133 40% 2 250 Wa, 

1 O 5 Tze 6056 1215 59ſ15 2213! 501 2 20 *F 

ri 57 230 2150 2916 1/15 26032 17] 2 27 an 

E411. 2 a0 18056 48016 2|15 30032 392 27 = 

1 23. 38117 2457 8016 4/18 36133 11] 2 28 = \\ 

144-*- 2-13-44; 10] — | — fs 

1 1 17 40 15 3 9057 3016 - Org 4133 231 2 28 112 

n $2114 6157 5216 Blrg 49133. 47] 2. 29 ba. 

F 12458 1216 105 5234 112 29 F 

188 1 32 92 12 1858 31016 11/15 58034 34] 2 29 3 ſig 

1 e eee 24459: eee ee eee 

— 4 5 616 14/16 9035 22] 2 308 ; 

, Sins. | 659 21/16 15116 14135 45| 2 31 = 

North Dejernding. | 1259 35,16 17116 19 36 O2 31 3 Lu 

— 18050 48116 19 16 24 36 20] 2 2-3 ; dil 
11 Sigus. | 2400 016 20j16 28130 40] 2 32 gi 

| Gouth Ajcenaing. | ; — £ 

: i. .5.. 0160-11516. 21016 3137 4 33 ; bel 

| 6060 21116 21116 32137 10] 2 33 ; ] 

This Table few: 12 30/16 22110 37137 19] 2 33 E the 
the Moon's Latitude! 1860 38016 22/16 38037 28] 2 33 | Wit 

| little beyond the 2400 45/16 23j16 39137 36] 2 33 ; 2 

atmoft Limits of — — — — — ; 4 gol 

"Caples. _ 4-6 00 45 23 16 39137 -. 40] 2 33 Wo 


Precepts relative to the preceding 2 ablec. 


To calculate the true Time of New or Full Moon. 


S PrEceer I. If the required time be within the 

FYimits of the 18th century, write out the mean time 

of New Moon in March, for the propoſed year, 

##from Table I. in the Old Stile, or from Table II. 

n the New ; together with the mean Anomalies 

of the Sun and Moon, and the Sun's mean Diſ- 

tance from the Moon's aſcending Node. If you 
want the time of Full Moon in March, add the 
half Lunation at the foot of Table III. with its 

4 Anomalies, &c. to the former numbers, if the 

New Moon falls before the 15th of March; but 

if it falls after, ſubtract the half Lunation, with 

the Anomalies, &c. belonging to it, from the for- 
wer numbers, and write down the reſpective ſums 
| or remainders. 

II. In theſe additions or ſubtractions, obſerve, 
chat 60 ſeconds make a minute, 60 minutes make 
Ia degree, 30 degrees make a ſign, and 12 figns 
make a circle. When you exceed 12 ſigns in ad- 

Q dition, reject 12, and ſet down the remainder.— 
When the number of figns to be ſubtracted is 

oreater than the number” you ſubtract from, add 

i 12 {ions to the leſſer number, and then you will 
E have a remainder to ſet down.—In the Tables, 
Ilsa, are marked thus*, degrees thus *, minutes 

thus“, and ſeconds thus“. 

III. When the required New or Full Moon is 

in any given month after March, write out as many 
ILunations, with their ae and the Sun's 
diuance from the Node, from Table III. as the 
given month is after March; ſetting them in order 

below the numbers taken out for March. 

IV. Add all theſe together, and they will give 
the mean time of the required New or Full Moon, 

T wich the Mean Anomalies and Sun's mean diſtance 
om the aſcending Node, which are the Argu— 
nens for finding the proper Equations. 


V. With 
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Precepts relative to the preceding Tables, 


V. With the number of days added togethe; 
nter Table IV. under the given Month; and again} 
that number you have the day of mean New g 


Full Moon in the left-hand column, which (| 


before the hours, minutes, and ſeconds, already 


found. 
But (as it will ſometimes happen) if the air 


number of days fall ſhort of any in the columif 
under the given month, add one Lunation and iht 
' Anomalies, &c. (from Table III.) to the forcliiſf 


ſums, and then you will have a new ſum of day 
wherewith to enter Table IV. under the Liver 


month, where you are ſure to find it the fſeconiifÞ 


time, if the firſt falls ſhort, 

VI. With the ſigns and degrees of the Sun: 
Anomaly, enter Table VII. and therewith tak: 
out the annual or firſt Equation for reducing the 
mean Syzygy to the true; taking care to make 
Proportions in the Table for the odd minutes and 
ſeconds of Anomaly, as the table gives the Equ 
tion only to whole degrees. 

Obſerve, in this and every other caſe of findine 
Equations, that if the ſigns are at the head of th: 
Table, their degrees are at the left hand, and ar: 
reckoned downward; but it the figns are at th: 
foot of the Table, their degrees are at the right 
hand, and are counted upward ; ; the equation be 
ing in the body of the Table, under or over thi 
ſigus, in a collateral line with the degrees. —Tl: 
titles Add or Subtraf at the head or foot of tl 
Tables where the figns are found, ſhew whether 
the Equation 1s to be added to the mean timed 
New or Full Moon, or to be ſubtracted from i. 
In this Table, the Equation is to be ſubtractel 


if the ſigns of the Sun's Anomaly are found i 


the head of the Table; - but it is to be added, 1 
the ſions are at the foot. 
V 1. With the ſigns and degrees of the Sun: 
mean Auomaly, enter Table VIII. and take oi 


che Equation of the Moon's mean Anomaly ; ub 


[1 46: 
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Precepts relative to the preceding Tables. 


tract this Equation from her mean Anomaly, if the 
ſigns of the Sun's Anomaly be at the head of the 
Table, but add it if they are at the foot; the re- 
ſult will be the Moon's equazed Anomaly, with 
which enter Table IX, and take out the ſecond 
Equation for reducing the mean to the true time 
of New or Full Moon; adding this Equation, if 
the ſigns of the Moon's Anomaly are at the head 
of the Table, but ſubtracting it if they are at the 


foot, and the reſult will give you the mean time of 


the required New or Full Moon twice equated, 
which will be ſufficiently near for common alma» 
nacks, But wien you want to calculate an Eclipſe, 
the following Equations muſt be uſed : thus, 
VIII. Subtract the Moon's equated Anomaly 
from the Sun's mean Anomaly, and with the re- 
mainder in ſigns and degrees, enter Table X, and 
take out the third Equation, applying it to the 


former equated time, as the titles Add or Subtract 
do direct. 


IX. With the Sun's mean diſtance from the 


aſcending Node enter Table XI, and take out the 
Equation anſwering to that argument, adding it 5 
or ſubtracting it from, the former equated time, as 


the titles direct, and the reſult will give the time 
of New or Fuil Moon, agreeing with well regu- 
Jated clocks or arches very near the truth, But, 
to make it agree with the ſolar, or apparent time, 
apply the Equation of natural days, tound in the 
Tables (from page 163 to page 175) as it is Leap- 
year, or the firſt, ſecond, or thiid after. 

The method of calculating the time of any New 


or Full Moon without the limits of the 18th cen- 


tury, Will be ſhewn further on. And a few Ex- 


.mples, compared with the Precepts, will make the 
hole work plain. 


a B. The Tables begin the day at noon, and 


rechen jorward from thence to the non follo wing. 


1 
$ ta: . 


11 , March the ziſt, at 22 h. 30 min. 25 ſec. of 
ve, is Anril iſt (in common recke ning) at 


n. 2.0 e. & after 10 o'clock in the m zorning. 


EX AN- 
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Precepts and Examples 
longing to the ſaid centuries, and ſet them below thoſe 


taken out for March in the 18th century. 
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the numbers belonging to theſe centur 


III. Subtract 
from thoſe of th 


e 19th century, and the remainders will be 


the mean Time and Anomalies, &c. of New Moon in 


f the century propofed. —Then, 


ects for the true time of New or Full Moon, 


1e above precepts and Examples. 


March, in the given year o 
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Table VI. and ſub- 


tract the Time and Anomalies belonging to it from thoſe of 
the mean New Moon in March, the above- found year of 
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relative ts the preceding 7. ables. 


year and month before the Chriſtian Ara, 
PrEceer I. Find a year in the 18th century, which 


being added ro the given number of years before Chriſt 
diminiſhed by one, ſhall make a number of complete cen- 


To calculate the true time of New or Full Moon in a 

the 18th century; and the remainder will denote the Time 
and Anomalies, &c. of the mean New Moon in March, the 
given year before Chriſt. —Then, for the true time of that 
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9 calculate the true time of New or Full Moo: 
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in any given 


year and month after the 18th century 


Preceer I. Find a year of the ſame number in the 18th 


century wit 


a that of the year propoſed, and take out th 


> 
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mean Time and Anomalies 


Old Stile, for that year, 


, &c. of New Moon in Alarch, 


Tablet. 
years from Table VI. as when add. 


If 


| 


y, will an- 


or Full Moon is 


* 
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II. Take ſo many 


Sth centur 


toned year in t 
r to the given year in which the New 


ae l 
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to the above men: 
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{2 
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and take out the firſt New Moon, with its Ano- 


uired 
malies, for th: 
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le complete centurizs, 


III. Add 
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relative to the preceding Tables. 


limits of the 18th century, we had beſt keep to 
the Old Stile, and at the end of the calculation 
reduce the time to the New. Thus, in the 224 
century, there will be 14 days difference between 
the Stiles; and therefore, the true time of New 
Moon in this laſt Example being reduced to the 
New Stile, will be the 22d of 7uh, at 22 minutes 
53 ſeconds paſt VI. in _ evening. 


To calculate the true place of the Sun for any given 
moment of time. 


PRECEPT I. In Table XII. find the next leſſer 
year in number to that in which the Sun's place 
is ſought, and write out his mean Longitude and 
Anomaly anſwering thereto: to which add his 
mean Motion and Anomaly for the complete re- 
ſidue of years, months, days, hours, minutes, and 
ſeconds down to the given time, and this will be 
the Sun's mean Place and Anomaly at that time, 
in the Old Stile, provided the ſaid time be in any 
pyear after the Chriſtian æra. See the firſt following 
Example. 

II. Enter Table XIII. with the Sun's mean Ano- 

maly, and making proportions tor the odd minntes 
and ſeconds thereof, take out the Equation of the 
| Sun's center: which, being applied to his mean 
Place, as the title Add or Subtract directs, will give 
bis true Place or Longitude from the Vernal Equi- 
| nox, at the time for which it was required. 
III. To calculate the Sun's place for any time 
| ina given year before the Chriſtian era, take out 
bis mean Longitude and Anowaly for the firſt year 
| thereof, and from theſe numbers, ſubtract the mean 
| Motions and Anomalies for the complete hundreds 
| or thouſands next above the given year; and, to 
| the remainders, add thoſe for the relidue of years, 
months, &c. and then work in all reſpects as above. 
See the fecord Example following, 
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Examples from the preceding Tables. 
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Concerning Eclipſes of the Sun and Moon. 


So that in the meridian of London, the Sun wa, 
then juſt entering the fign = Libra, and conſe. 
quently was upon the point of the Autumnal 
Equinox. | 4 

If to the above time of the Autumnal Equinox 
at London, we add 2 hours 25 minutes 4 ſe. Þ 
conds for the longitude of Babylon, we ſhall hay f 
for the time of the ſame Equinox, at that place, 
October 23d, at 19 hours 22 minutes 41 ſeconds; Ne 


which, in the common way of reckoning, is Of. foi 


ber 24th, at 22 minutes 41 ſeconds paſt VII. in Bist 
the morning *. 5 the 

And it appears by Example VI. that in the ſame of 
year, the true time of Full Moon at Babylon wa Di 
October 23d, at 42 minutes 46 ſeconds after VI. in Wo: 
the morning; ſo that the Autumal Equinox wa 
on the day next after the day of Full Moon. —The 
Dominical letter for that year was G, and conſe 
quently the 24th of October was on a Wedneſday. W 


* The reaſon why this calculation makes the Autumn 
Equinox, in the year of the Julian Period 706, to be two day! 
ſooner than the time of the ſame Equinox mentioned in page 
153, is, that in qt page only the mean time is taken into 
the account, as if there was no Equation of the Sun's motion, 

The Equation at the Autumnal Equinox then, did not ex- 
ceed an hour and a quarter, when reduced to time. But, 1 
the year of Chriſt 1756, (which was 5763 years after) the 
Equation at the Autumnal Equinox amounted to 1 day 2: 
hours 24 minutes, by which quantity the true time fell later 
than the mean.—S0 that, if we conſider the true time of this 
laſt-mentioned Equinox, only as meaz time, the mean Motion 
of the Sun carried thence back to the Autumnal Equinox in 
the year of the Julian Period 506 will fix it to the 25th 0 
October in that year, | ; 
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Concerning Eclipſes of the Sun and Moon. 


n To find the Sun's diſtance from the Moon's aſcending 


Node, at the time of any given New or Full Moon; 
and conſequently, to know whether there is an 
Eclipſe at that time, or not. 


The Sun's diſtance from the Moon's aſcending 
Node is the argument for finding the Moon's 


fourth Equation in the Syzygies, and therefore it 


is taken into all the foregoing Examples in finding 
the times of theſe Phenomena.—Thus, at the time 
of mean New Moon in April, 1764, the Sun' s mean 
Diſtance from the aſcending Node, is o 5? 35 2”. 
ce Example I. p. 320. 

The deſcending Node is oppoſite to the aſcend- 


Ding one, and they are juſt fix Signs diſtant from 
each other. 


When the Sun is within 17 degrees of eitheg of 


the Nodes at the time of New Moon, he will be 
eclipſed at that time: and when he is within 12 
gegrees of either of the Nodes at the time of Full 

Noon, the Moon will be then eclipſed. —Thus we 


find, that there will be an Eclipſe of the Sun at 


Lhe time of New Moon in 4pril, 1764. 


But the true time of that New Moon comes out 
Dy the Equations to be 50 minutes 46 ſeconds 
Pater than the mean Time thereof, by comparing 


beſe times in the above Example: and therefore, 


We muſt add the Sun's motion from the Node 


"Wuring that interval to the above mean Diſtance 


5 35" 20, which motion is found in Table XII. 
or 50 minutes 46 ſeconds, to be 2' 12%. And to 
mis we muſt apply the Equation of the Sun's 
nean Diſtance from the Node, in Table XV. found 
by the Sun's Anomaly, which, at the mean time 
bt New Moon in Example I. is g* 1 26” 19“ 
zd then we ſhall have the Sun's true Diſtance 
From the Node, at the true time of New Moon, 
bs follows: 
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Ecliptic. 6. The Moon's latitude, 7. The Moons 


Elements fer Solar Eclipſes. 


Sun from Node, 
8 O / I 


At the mean time of New Moon in 


| 

| 

April, 1764 3 b 

Sun's motion from the J 50 minutes 2 10 Mt 

Node for —— 46 ſeconds 1 

— — r 

Sun's mean diſtance from Node at 3 te 
true New Moon — — 5 37 14 


Equation of mean diſtance from 4 
Node, add — — 4 8 


77— — 


— — 1 


Sun's true diſtance from the aſ- 
cending Node — — „ 
which, being far within the above limit of 1 
degrees, ſhews that the Sun muſt then be eclipſed, 
And now we ſhall ſhew how to project this, or 
any other eclipſe, either of the Sun or Moon, 
* 


To project an Eclipſe of the Sun. 


In order to this, we muſt find the ten following 
Elements, by means of the Tables. 

1. The true time of conjunction of the Sun ard 4 
Moon ; and at that time, 2. The ſemidiameter of XII 
the Earth s diſc, as {cen from the Moon, which 1s Pla 
equal to the Moon's horizontal parallax. g. The the 
Sun's diſtance from the ſolſtitial Colure to which M'"g 


he is then neareſt. 4. The Sun's declination, 4" 4 


5. The angle of the Moon's viſible path with the . 5: 


true horary motion from the Sun. 8. The Sun“ lame 


ſemidiameter. „The Moon's. 10. The ſemi- New 
diameter of the Peßtimbra. foun; 

We ſhall now proceed to find TY Elements Ne 
for the Sun's Eclipſe in April, 1764. __Feuat 


To find the true time of 3 Moon. This, by [INE « 
Example I. p. 320, is four.d to be on the firlt]F** 2 
day of the ſaid month, at 30 minutes 25 ſeconds Th 
alter X. in the morning. "Ps 

1 2. 10 ke « 


Elements for Solar Eclifſcs. 


2. To find the Moon's horizontal parallax, or ſemi- 
diameter of the Earth's diſc, as ſeen from the Moon. 
Enter Table XVII. with the ſigns and degrees of 
the Moon's Anomaly (making proportions, becauſe 

| the Anomaly is in the Table only to every 6th 
degree, ) and thereby take out the Moon's horizon- 
tal parallax; which, for the above time, anſwering 
| to the Anomaly 11* 9 24 21“, is 34“ 43”. 

4. To find the Sun's diſtance from the neareſt Sol- 
ice, viz. the beginning of Cancer, which is 3* or 90? 
from the beginning of Aries. It appears by the Ex- 
ample on page 328 (where the Sun's place is cal- 
culated to the above time of New Moon) that the 
Sun's longitude from the beginning of Aries is then 
of 12* 10' 7“, that is, the Sun's place at that time 
u N Aries, 129 10": 77; | 


8 O / 12 


Therefore from — — 3 8 6 6 


Subtract the Sun's longitude or place o 12 10 7 


Remains the Sun's diſtance from 
, fern ms 
Or 779 49“ 63“; each fign containing 30 degrees. 
4. To find the Sun's declination. Enter Table 
XIV. with the Signs and degrees of the Sun's true 


the 10“ 7“, take out the Sun's declination anſwer- 
ing to his true place, and it will be found to be 
4* 49' North. 5 
5. To ind the Moon's latitude, This depends on 
ber diſtance from her aſcending Node, which is the 
lame as the Sun's diſtance from it at the time of 
New Moon; and with this the Moon's Latitude is 
found in Table XVI. | 
z Now we. have already found, that the Sun's 
equated diſtance from the aſcending Node, at the 
wine of New Moon in April, 1764, is 0 79 42' 14“. 
ee the preceding page. | 
Therefore, enter Table XVI. with o ſigns at the 


op, and 7 and 8 degrees at the left hand, and 


ke out 30' and 39” the latitude for 7%; and 
41 


place, viz. o* 12%, and making proportion for 


333 


334 


found the more readily when they are wanted i 


The Delineation of Solar Eclipſes. 


41” 51“, the latitude for 8“: and by making pro- 
portion between theſe latitudes for the 42 14” 
by which the Moon's diſtance from the Node ex. 
ceeds 7 degrees; her true latitude will be found 


to be 40“ 18“ north aſcending: 


6. To ind the Moon's true horary motion from thy 
Sun. With the Moon's Anomaly, viz. 11* 9 24 
21“, enter Table XVII. and take out the Moon' 
horary motion; which, by making proportion i, 
that Table, will be found to be 30“ 22/7. Then, 
with the Sun's Anomaly, 9* 1 26' 19“, take ou: 
his horary motion 2' 28“ from the ſame Table: 
and ſubtracting the latter from the former, there 
will remain 27 54“ for the Moon's true horar 


motion from the Sun. 


7. To nd the angle of the Moon's viſible path 
with the Ecliptic. This, in the projection of Eclip- 
ſes, may be always rated at 55 35”, without any 
ſenſible error. 

8, 9. To find the ſemidiameters of the Sun and 
Moon. Theſe are found in the ſame Table, and 
by the fame Arguments, as their horary Motions 
In the preſent caſe the Sun's Anomaly gives hi 
ſemidiameter 16' 6“, and the Moon's Anomaly 

ives her ſemidiameter 14157. | 

10. To find the ſemidiameter of the Penumbra. 
Add the Moon's ſemidiameter to the Sun's, and 
their ſum will be the ſemidiameter of the Penum: 
F 

Now collect theſe Elements, that they may be 


the conſtruction of this Eclipſe. 
1. True time of New Moon in ; 
April, 1764. _ | LIES 


HT. 


2. Semidiameter of the Earth's diſc, © 54 43 
3. Sun's dilt. from the neareſt Solſt. 77 49 51 
4. Sun's declination, North _ 4 49 0 
5 


5. Moon's latitude, North aſcending © 40 1! 
6. Moon 


Hag. 2. 


6,0 5 O 3,0 


Path ol che F n 


18 30 ++ |} 4+ * 35 
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The Delineation of Solar Eclipſes. 


6. Moon's horary motion from the Sun o 27 54 


Angle of the Moon's viſible} 
* path with the Ecliptic | 3 
8. Sun's ſemidiameter 16 6 
9. Moon's ſemidiameter | 14 57 
10. Semidiameter of the Penumbra 31 3 


To project an Eclipſe of the Sun geometrically. 


335 


Make a ſcale of any convenient length, as A C, pr arg 


end divide it into as many equal parts as the Earth's 
 ſemi-diſc contains minutes of a degree; ; which, at 
the time of the Eclipſe in April, 1764, is 54' 43”. 
Then, with the whole length of the ſcale as a 
radius, deſcribe the ſemicircle 4 MB upon the 


center C; which ſemicircle ſhall repreſent the 


northern half of the Earth's enlightened diſc, as 
ſcen from the Sun, 


Upon the center C raiſe the ſtraight line C E. 


| perpendicular to the diameter ACB; ſo AC B ſhall 


b 


be a part of the Ecliptic,. and CH its Axis. 


Being provided with a good ſector, open it to 


the radius CA in the line of chords; and taking 
from thence the chord of 234 degrees in your 
f compaſſes, ſer it off both ways from H, to g and to 
in the periphery of the ſemi-diſc; and draw the 
ſtraight line gVh, in which the North Pole of the 
© Diſc will be always found, 


When the Sun is in Aries, Taurus, Gemini, 
Cancer, Leo, and Virgo, the North Pole of the 
Earth is enlightened by the Sun: but while the 


Sun is in the other fix Signs, the South Pole is en- 
lightened, and the North Pole is in the dark. 


And when the Sun is in Capricorn, Aquarius, 


Piſces, Aries, Taurus, and Gemini, the northern 
half of the Earth's Axis C XI P lies to the right 
hand of the Axis of the Ecliptic, as ſeen from the 
Sun; and to the left hand, while the Sun | is in the 
other ſix Signs. 


4 Open 


XII. 
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Open the ſeQtor till the radius (or diſtance of the 
two 90's) of the Signs be equal to the length f 
LV h, and take the fine of the Sun's diſtance from 
the Solſtice (77 49“ 53“) as nearly as you can 
gueſs, in your compaſſes, from the line of ſines, 
and ſet off that diſtance from to P in the line 


b, becauſe the Earth's Axis lies to the right 


hand of the Axis of the Ecliptic in this caſe, the 
Sun being in Aries; and draw the ſtraight line 
C XII P for the Earth's Axis, of which P is the 
North Pole. If the Earth's Axis had lain to the 
left hand from the Axis of the Ecliptic, the diſtance 
LY P would have been ſet off from V toward g. 

To draw the Parallel of Latitude of any given 
place, as ſuppoſe London, or the path of that place 
on the Earth's enlightened Diſc as ſeen from the 
Sun, from Sun-riſe till Sun-ſet, take the following 
method. 3 

Subtract the Latitude of London, 512 from gos, 
and the remainder 3839 will be the co-latitude, 
which take in your compaſſes from the line of 
chords, making CA or CB the radius, and ſet it 
from þ (where the Earth's Axis meets the Peri- 
phery of the Diſc) to VI and VI, and draw the 


occult or dotted line VI K VI. Then, from the 


points where this line meets the Earth's Diſc, ſet 
off the chord of the Sun's declination 4 49“ to 
D and F, and to E and G, and connect theſe points 
by the two occult lines F XII G and D L FE. 
Biſect LK XII in K, and through the point K 
draw the black line VI K VI. Then making C5 


the radius of a line of fines on the ſector, take the 


co- latitude of London 389 from the fines in your 
compaſſes, and ſer it both ways from K, to VI and 


VI.— Theſe hours will be juſt in the edge of the 


diſc at the Equinoxes, but at no other time in the 
whole year. 0 

With the extent K VI, taken into your com- 
paſſes, ſet one foot in K (in the black line below 


the occult one) as a center, and with the other foot 
deſcribe 
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deſcribe the ſemicircle VI 78 9 10, &c. and divide 
it into 12 equal parts. Then, from theſe points of 
diviſion, draw the occult lines 7 p, 8 , 9 », &c. 
parallel to the Earth's Axis C XII P. | 

With the ſmall extent K XII as a radius, deſcribe 
the quadrantal Arc XII f, and divide it into fix 
equal parts, as XII a, a b, bc, cad, de, and e 7; 
and through the diviſion- points, a, 6, c, d, e, draw 
the occult lines VII eV, VIII 4 IV, IX III, X 2 
II, and XI a1, all parallel to VI X VI, and meet - 
ing the former occult lines 7 p, 8 , &c. in the 
points VII VIII IX X XI, V IV III II and I: 
which points ſhall mark the ſeveral ſituations of 
London on the Earth's Diſc, at theſe hours reſpec- 
tively as ſeen from the Sun; and the elliptic 
Curve VI VII VIII, &c. being drawn through 
theſe points, ſhall repreſent the parallel of lati- 
tude, or path of London on the Diſc, as ſeen from 
the Sun, from its riſing to its ſetting. 

N. B. If the Sun's declination had been ſouth, 
the diurnal path of London would have been on the 
upper ſide of the line VI X VI, and would have 
touched the line DLE in I. III is requiſite to 
divide the horary ſpaces into quarters (as ſome are 
in the figure) and, if poſſible, into minutes alſo- 
Make C the radius of a line of chords on the 
ſector, and taking therefrom the chord of 55 35, 
the angle of the Moon's viſible path with the Eclip- 
tic, ſet it off from Hto M on the left hand of CV, 
the Axis of the Ecliptic, becauſe the Moon's lati- 
tuade is north aſcending, Then draw C M for the 
Axis of the Moon's Orbit, and biſect the angle 
MCH by the right-line Cz. — If the Moon's lati- 
tude had been north deſcending, the Axis of her 
Orbit would have been on the right hand from the 
Axis of the Ecliptic.— V. B. The Axis of the 
Moon's Orbit lies the ſame way when her latitude 
is ſouth aſcending, as when it is north aſcending; 
and the ſame way when ſouth deſcending, as when 
north deſcending, | 

7 Taks 
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Take the Moon's latitude 40” 18“ from the ſcale 
CA in your compaſſes, and ſet it from i to x in the 
biſecting line C x, making i x parallel to Cy: and 
through x, at right- angles to the Axis of the 
Moon's Orbit C M, draw the ſtraight line Nzo x y $ 
for the path of the Penumbra's center over the 
Earth's Diſc.—The point w, in the Axis of the 
Moon's Orbit, 1s that where the Penumbra's center 
approaches neareſt to the center of the Earth's 


Diſc, and conſequently is the middle of the general 


Eclipſe : the point x is that where the conjunction 
of the Sun and Moon falls, according to equal 
time by the Tables; and the point y is the eclip- 
tical conjunction of the Sun and Moon. 

Take the Moon's true horary motion from the 
Sun, 27' 54”, in your compaſſes, from the ſcale 
C A (every diviſion of which is a minute of a de- 
gree), od with that extent make marks along the 
path of the Penumbra's center; and divide each 
ſpace, from mark to mark, into ſixty equal parts or 
horary minutes, by dots; and ſet the hours to 
every 6oth minute in ſuch a manner, that the dot 
ſignifying the inſtant of New Moon by the Ta- 
bles, may fall into the point x, half way between 
the Axis of the Moon's Orbit, and the Axis of the 
Ecliptic; and then, the reſt of the dots will ſhew 
the points of the Earth's Diſc, where the Penum- 
bra's center is at the inſtants denoted by them, in 
its tranſit over the Earth. | | 

Apply one fide of a ſquare to the line of the 
Penumbra's path, and move the ſquare backward 
and forward, until the. other ſide of it cuts the 
ſame hour and minute (as at m and 7) both in the 
path of London, and in the path of the Penumbra's 
center: and the particular minute or inſtant which 
the ſquare cuts at the ſame time in both paths, 
ſhall be the inſtant of the viſible conjunction of the 
Sun and Moon, or greateſt obſcuration of the Sun, 
at the place for which the conſtruction is made, 
namely, London, in the preſent example; and this 
1 inſtant 
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inſtant is at 47Z minutes paſt X o'clock in the 
morning; which is 17 minutes 5 ſeconds later than 
the tabular time of true conjunction. 

Take the Sun's ſemidiameter, 16“ 6“, in your 
compaſſes, from the ſcale CA, and ſetting one foot 
in the path of London at m, namely at 474 minutes 
paſt X, with the other foot deſcribe the circle U Y, 
which ſhall repreſent the Sun's Diſe as ſeen from 
London at the greateſt obſcuration.— Then take the 
Moon's ſemidiameter, 1487“, in your compaſſes 
from the ſame ſcale; and ſetting one foot in the 
path of the Penumbra's center at m, 474 minutes 
after X; with the other foot deſcribe the circle TY 
for the Moon's Diſc, as ſeen from London, at the 


time when the Eclipſe 1s at the greateſt; and the 


portion of the Sun's Diſc which is hid or cut off 
by the Moon's, will ſhew the quantity of the 
Eclipſe at that time; which quantity may be mea- 
ſured on a line equal to the Sun's diameter, and 
divided into twelve equal parts for digits. 

Laſtly, take the ſemidiameter of the Penumbra 
3103“, from the ſcale CA in your compaſſes; and 
ſetting one foot in the line of the Penumbra's cen- 


tral path, on the left hand from the Axis of the 


Fcliptic, direct the other foot toward the path of 
London; and carry that extent backward and for- 
ward till both the points of the compaſſes fall 
into the ſame inſtant in both the paths: and that 


inſtant will denote the time when the Ecliple be- 


gins at London. — Then, do the like on the right 
hand of the Axis of the Ecliptic; and where the 
points of the compaſſes fall into the fame inſtant 
in both the paths, that inſtant will be the time 

when the Ecliple ends at London. 
Theſe trials give 20 minutes after IX in the 
morning for the beginning of the Kelipſe at London, 
at the points N and O; 4/1 minutes after X, at 
the points m and n, for the time of greateit ob- 
ſcuration; and 18 minutes after XII, at R and 8, 
ee” Et . for 
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for the time when the Eclipſe ends; according to 
mean or equal time. 

From theſe times we muſt ſubtract the equaticn 
of natural days, viz. 3 minutes 48 ſeconds, in Leap- 
year April 1, and we ſhall have the apparent times; 
namely, IX hours 16 minutes 12 ſeconds for the 
beginning of the Eclipſe, X hours 43 minutes 42 
ſeconds for the time of greateſt obſcuration, and 
XII hours 14 minutes 12 ſeconds. for the time 
when the Eclipſe ends.—But the beſt way is to 
apply this equation to the true equal time of New 
Moon, before the projection be begun ; as 1s done 
in Example J. For the motion or poſition of 
places on the Earth's Diſc anſwer to apparent or 
ſolar time. 

In this conſtruction it is ſuppoſed, that the angle 
under which the Moon's Diſc is ſeen, during the 
whole time of the Eclipſe, continues invariably the 
ſame; and that the Moon's motion is uniform and 
rectilinear during that time. But theſe ſuppoſitions 
do not exactly agree with the truth; and therefore, 
ſuppoſing the Elements given by the Tables to be 
accurate, yet the times and phaſes of the Eclipſe, 


deduced from its conſtruction, will not anſwer 


exactly to what paſſeth in the Heavens; but may 
be at lealt two or three minutes wrong, though 
done with the greateſt care.—Moreover, the paths 
of all places of conſiderable latitudes are nearer the 
center of the Earth's Diſc, as ſeen from the Sun, 
than thoſe conſtructions make them; becauſe the 
Diſc is projected as if the Earth were a perfect 
ſphere, although it is known to be a ſpheroid. 
Conſequently, the Moon's ſhadow will go farther 


northward in all places of northern latitude, and 


farther ſouthward in all places of ſouthern Jatitude, 
than it is ſhewn to do in theſe projections.—Ac- 
cording to Mayer's Tables, this Eclipſe will be 
about a quarter of an hour ſooner than either 
theſe Tables, or Mr, Flamſtead's, or Dr. Halley's make 
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it: and Mayer's Tables do not make it annular a 
London. 


The projection of Lunar Eclipſes. 


When the Moon is within 12 degrees of either 
of her Nodes, at the time when ſhe is Full, ſhe 
will be eclipſed, otherwiſe not. 

We find by Example II, page 321, that at the 
time of mean Full Moon in May, 1762, the Sun's 
diſtance from the aſcending Node was only 49 497 
35 and the Moon being then oppoſite to the 
Sun, muſt have been juſt as near her deſcending 
Node, and was therefore eclipſed. 

The elements for conſtructing an Eclipſe of the 
Moon are eight in number, as follow : 

1. The true time of Full Moon: and at that 
time, 2. The Moon's horizontal parallax. 3. The 
Sun's ſemidiameter. 4. The Moon's. 5. The 
ſemidiameter of the Earth's ſhadow at the Moon. 
6. The Moon's latitude. 7. The angle of the 


Moon's viſible path with the Ecliptic. 8. The 


Moon's true horary motion from the Sun, 
Therefore, 

1. To find the true time of Full Moon. Work as 
already taught in the Precepts.—Thus we have the 
true time of Full Moon in May, 1762 (ſee Exam» 
ple II. page 321), on the 8th day, at 50 minutes 
50 ſeconds paſt III o'clock in the morning. 

2. To nd the Moon's horizontal Parallax. Enter 
Table XVII. with the Moon's mean Anomaly (at 
the above full) g* 29 42“ 42“, and thereby take out 
her horizontal Parallax; which, by making the re- 
quiſite proportion, will be found to be 57' 20“. 

3, 4. To find the ſemidiameters of the Sun and 
Noon. Enter Table XVII. with their reſpective 
Anomalies, the Sun's being 1017 27' 45” (by the 
above example) and the Moon's 9 29 42' 42“; 
and thereby take out their reſpective ſemidiame- 
| ters: the Sun's 15' 56“, and the Moon's 15" 39“, 

. 1 5. To 
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for the time when the Eclipſe ends; according to 
mean or equal time. 

From theſe times we muſt ſubtract the equation 
of natural days, viz. 3 minutes 48 ſeconds, in Leap- 
year April 1, and we ſhall have the apparent times; 
namely, IX hours 16 minutes 12 ſeconds for the 
beginning of the Eclipſe, X hours 43 minutes 42 
ſeconds for the time of greateſt obſcuration, and 
XII hours 14 minutes 12 ſeconds. for the time 
when the Eclipſe ends.—But the belt way is to 
apply this equation to the true equal time of New 
Moon, before the projection be begun; as is done 
in Example IJ. For the motion or poſition of 
places on the Earth's Diſc anſwer to apparent or 
ſolar time. 

In this conſtruction it is ſuppoſed, that the angle 


under which the Moon's Diſc is ſeen, during the 
whole time of the Eclipſe, continues invariably the 


ſame; and that the Moon's motion is uniform and 
rectilinear during that time. But theſe ſuppoſitions 
do not exactly agree with the truth; and therefore, 
ſuppoſing the Elements given by the Tables to be 
accurate, yet the times and phaſes of the Eclipſe, 
deduced from its conſtruction, will not anſwer 


exactly to what paſſeth in the Heavens; but may 


be at lealt two or three minutes wrong, though 
done with the greateſt care.—Moreover, the paths 
of all places of conſiderable latitudes are nearer the 
center of the Earth's Diſc, as ſeen from the Sun, 
than thoſe conſtructions make them; becauſe the 
Diſc is projected as if the Earth were a perfect 
ſphere, although it is known to be a ſpheroid. 
Conſequently, the Moon's ſhadow will go farther 
northward in all places of northern latitude, and 
farther ſouthward in all places of ſouthern Jatitude, 
than it is ſhewn to do in theſe projections.—Ac- 
cording io Mayer's Tables, this Eclipſe will be 
about a quarter of an hour ſooner than either 
theſe Tables, or Mr. Flamſtead's, or Dr. Halley's make 
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it: and Mayer's Tables do not make it annular at 
London. 


The projection of Lunar Eclipſe. 


When the Moon is within 12 degrees of either 
of her Nodes, at the time when ſhe is Full, ſhe 
will be eclipſed, otherwiſe not. 

We find by Example II, page 321, that at the 
time of mean Full Moon in May, 1762, the Sun's 
diſtance from the aſcending Node was only 4 49/ 
353; and the Moon being then oppoſite to the 
Sun, muſt have been juſt as near her deſcending 
Node, and was therefore eclipſed. 

The elements for conſtructing an Eclipſe of the 
Moon are eight in number, as follow : 

1. The true time of Full Moon: and at that 
time, 2. The Moon's horizontal parallax, 3. The 
* Sun's ſemidiameter. 4. The Moon's. 5. The 
ſemidiameter of the Earth's ſhadow at the Moon. 
6. The Moon's latitude. 7. The angle of the 
Moon's viſible path with the Ecliptic. 8. The 
Moon's true horary motion from the Sun,— 


| Therefore, 


1. To find the true time of Full Moon. Work as 
already taught in the Precepts.—Thus we have the 
true time of Full Moon in May, 1762 (fee Exam- 
ple II. page 321), on the 8th day, at 50 minutes 
50 ſeconds paſt III o'clock in the morning. 

2. To nd the Moon's horizontal Parallax. Enter 


Table XVII. with the Moon's mean Anomaly (at 


the above full) g* 29 42“ 42“, and thereby take out 
her horizontal Parallax; which, by making the re- 
auiſite proportion, will be found to be 57' 20“. 
3, 4. To find the ſemidiameters of the Sun and 
Moon, Enter Table XVII. with their reſpective 
| Anomalies, the Sun's being 10* 7? 27' 45 (by the 
above example) and the Moon's 9 2 42“ 42%; 
and thereby take out their reſpective ſemidiame- 
ters: the Sun's 15 56“, and the Moon's 15“ 39 
9 „ 
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5. To find the ſemidiameter of the Earth's ſhadow 
at the Moon. Add the Sun's horizontal parallax, 
which is always 10“, to the Moon's, which in the 
preſent caſe is 57 20'', the ſum will be 57” 30“, 
from which ſubtract the Sun's ſemidiameter 1 5” 56/”, 
and there will remain 41” 34“ for the ſemidiameter 
of that part of the Earth's ſhadow which the Moon 
then vaſes through. 

6. To find the Moon's Latitude. Find the Sun' 8 
true diſtance from the aſcending Node (as already 
taught in page 331) at the true time of Full Moon; 
and this diſtance, increaſed by fix ſigns, will be the 
Moon's true diſtance from the ſame Node; and 
conſequently the argument for finding her true la- 
titude, as ſhewn in page 333. 


Thus, in Example II. the Sun's mean diſtance 


from the aſcending Node was o, 4® 49” 35% at the 


time of mean Full Moon: but it appears by the 
Example, that the true time thereof was 6 hours 33 
minutes 38 ſeconds ſooner than the mean time, and 
therefore we muſt ſubtract the Sun's motion from 
the Node (found in Table XII. page 312) during 
this interval, from the above mean diſtance o* 4® 
49 35“, in order to have his mean diſtance from 
it at the true time of Full Moon. — Then to this 
apply the Equation of his inean diſtance from the 
Node found in Table XV. by his mean Anomaly 
10* 52 27' 45/3 and laſtly, add fix ſigns: ſo ſhall 


the Moon's rrue diſtance from the aſcending Node 
on tound as follows: 
8 O . i! 


Sun from Node at mean Full Moon © 4 49 33 


6 hours 15 
His motion from it in) 33 minutes 1 
38 teconds 


U 


32 


un Loon —— — | 
Equation 
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6 
Equation of his mean diſtance, add 138 © 
Sun's true diſtance from the Node o 6 10 32 
To which add S8 0 d 8 
And the ſum will be 6 6 10 32 


Which is the Moon's true diſtance from her aſcend- 
ing Node at the true time of her being Full; and 
conſequently the argument for finding her true 
Latitude at that time. Therefore, with this argu- 
ment, enter Table XVI. making proportion be- 


tween the latitudes belonging to the 6th and yth 


degree of the argument at the left hand (the ſigns 
being at the top) for the 10' 327, and it will give 
32' 21” for the Moon's true latitude, which ap- 
pears by the Table to be ſouth deſcending. 

7. To find the angle of the Moon's viſible path with 
the Ecliptic. This may be ſtated at 5 35', with- 
out any error of conſequence in the projection of 
the Eclipſe. | 

8. To find the Moon's true horary motion from the 
Sun. With their reſpective Anomalies take out 
their horary motions from Table XVII. in page 
316; and the Sun's horary motion ſubtracted from 
the Moon's, leaves remaining the Moon's true 
horary motion from the Sun: in the preſent caſe 
30" 52" 


Now collect theſe Elements together for uſe, 


T 2 F Fu : | D. H. M. 8. 
I. Irne Time of Full Moon in 
May, 1762 | j * 
2. Moon's horizontal Parallax 0 57 20 
3. Sun's ſemidiameter O 15 56 
4. Moon's ſemidiameter O 15 39 
5, Semidiameter of the Earth's ſhadow 5 

at the Moon * 34 


4 6. Moon's 
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0 tt 


6. Moon's true latitude, ſouth deſcending o 32 21 | 


7. Angle of her viſible path with the 


Ecliptic 5 35 0B 
8. Her true horary motion from the Sun o 30 5: | 


Theſe Elements being found for the conſtruc. 


tion of the Moon's Eclipſe in May, 1762, proceed | 


as follows : 
Make a ſcale of any convenient length, as VA, 


and divide it into 60 equal parts, each part ſtand: 
ing for a minute of a degree. 


Draw the right line AC B (Fig. 3.) for part of | 
the Eclipric, * CD perpendicular to it for the 
ſouthern part of its Axis; the Moon having ſouth | 


latitude. 


Add the ſemidiameters of the Moon and Earth's Þ 
ſhadow together, which, in this Eclipſe, will make Þ 


57' 157 ; and take this from the ſcale in your com- 


afles, and ſetting one foot in the point C, as a || 
3 8 P , 


center, With the other foot deſcribe the ſemicircle 
ADB; in one point of which the Moon's center 
will be at the beginning of the Eclipſe, and in ano- 
ther at the end of it. 

Take the ſemidiameter of the Earth's ſhadow, 
41” 34”, in your compaſſes from the ſcale, and ſer- 
ting one foot in the center C, with the other foot 
deſcribe the ſemicircle K LA for the ſouthern hali 
of the Earth's ſhadow, becauſe the Moon's latitude 
is ſouth in this Eclipſe. 

Make CD the radius of a line of chords on 
the ſector, and ſet off the angle of the Moon's viſi- 
ble path with the Ecliptic, 5* 357, from D to E, 
and draw the right line CFE for the ſouthern 
half of the Axis of the Moon's Orbit, lying to the 
right hand from the Axis of the Ecliptic C D, be- 
cauſe the Moon's latitude is ſouth deſcending,— 
It woutd have been the ſame way (on the other 
fide of the Ecliptic) if her latitude had been 


north leſecndivg? but contrary in both caſes, if 


her 
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her latitude had been either north aſcending or 


| : ſouth aſcending. 
ZBiſect the angle DCE by the right line Cg, in 


z which line, the true equal time of oppoſition of the 


Sun and Moon falls, as given by the Tables. 

Take the Moon's latitude, 32' 21!, from the 
' ſcale with your compaſſes, and ſet it from C to G, 
in the line CGg ; and through the point G, at right 


angles to CFE, draw the right line PHG FN tor 


the path of the Moon's center. Then, F ſhall be 
the point in the Earth's ſhadow, where the Moon's 

center is at the middle of the Eclipſe ; G, the point 
where her center is at the tabular time of her be- 


ing Full; and H, the point where her center is at 


the inſtant of her ecliptical oppoſition. 
Take the Moon's horary motion from the Sun, 
30“ 527, in your compaſſes from the ſcale ; and 


' with that extent make marks along the line of the 


Moon's path PG N: then divide each ſpace from 


mark to mark, into 60 equal parts, or horary mi- 


nutes, and ſet the hours to the proper dots in ſuch 
a manner, that the dot fignifying the inſtant of 
Full Moon (viz. 50 minutes 50 ſeconds after III 
in the morning) may be in the point G, where the 
line of the Moon's path cuts the line that biſects the 
angle DCE, 

Take the Moon's ſemidiameter, 15” 39”, in your 
compaſſes from the ſcale, and with that extent, as 
a radius, upon the points N, F, and P, as centers, 
deſcribe the circle Q for the Moon at the begin- 
ning of the Eclipſe, when ſhe touches the Earth's 
ſhadow at V; the circle R for the Moon at the 
middle of the Eclipſe; and the circle & for the 
Moon at the end of the Eclipſe, juſt leaving the 
Earth's ſhadow at W. 

The point N denotes the inſtant when the Eclipſe 
begins, namely, at 15 minutes 10 ſeconds after II 
in the morning: the point Y the middle of the 
Eclipſe at 47 minutes 45 ſeconds paſt III; and 
te point P the end of the Ecliple, at 18 as” Si 

after 
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after V.—At the greateſt obſcuration the Moon is 
10 digits eclipſed. 


Concerning an antient Eclipſe of the Moon. 


It is recorded by Ptolemy, from Hipparchus, that 
on the 22d of September, the year 201 before the 
firſt year of Chriſt, the Moon roſe ſo mnch eclipſed 
at Alexanaria, that the Eclipſe muſt have begun 
about half an hour before ſhe roſe. 

Mr. Carey puts down the Eclipſe in his Chrono» 
logy as follows, among ſeveral other antient ones, 
recorded by difterent authors. 


4513. P. M. Alexandr. Dig. eccl. 10. 547 
Sept. 22. LPiolem. £ 4» Co. I.] Meſor. 16. 


Jul. Per. | Ecl. 6 Per. Calip. 2 An. 54. Hor. 7. | Nabonaſſar 
That is, in the 45 13th year of the Julian period, 
which was the 547th year from Nabonaſſer, and the 
54th year of the ſecond Calipic period, on the 16th 
day of the month Meſori (which anſwers to the 
22d of September) the Moon was 10 digits eclipſed 
at Alexandria, at 7 o'clock in the evenin 
| Now, as our Saviour was born (according to the 
Dionyſian or vulgar Ara of his birth) in the 47 1 3th 
year of the Julian period, it is plain that the 4513th 
year of that period was the 200th year before the 
year of Chriſt's birth; and conſequently 201 years 
before the year of Chriſt 1. | 
And, in the year 201, on the 22d of September, 


it appears by Example V. (page 324) that the 


Moon was full at 26 minutes 28 ſeconds paſt VII 
in the evening, in the meridian of Alexandria. 
At that time, the Sun's place was Virgo 26 147, 


according to our Tables; ſo that the Sun was 


then within 4 degrees of the Autumnal Equinox: 
and according to calculation he muſt have ſet at 
Alexandria about 5 minutes after VI, and about 


one degree north of the weſt. 


The 
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The Moon being Full at that time, would have 
riſen juſt at Sunſet, about one degree ſouth of the 
eaſt, if ſhe had been in either of her Nodes, and 
her viſible place not depreſſed by Parallax. 

But her parallactic depreſſion (as appears from 
her Anomaly, viz. 105 6* nearly) muſt have been 
55' 17%; which exceeded her whole diameter by 
24' 53' ; but then, ſhe muſt have been elevated 
33' 45” by refraction; which, ſubtracted from her 
Parallax, leaves 21' 32” for her viſible or apparent 
depreſſion, 
And her true latitude was 303“ north deſcend- 
ing, which being contrary to her apparent depreſ- 
ſion, and greater than the ſame by 8” 58/, her true 
time of riſing muſt have been juſt about VI o'clock. 

Now, as the Moon roſe about one degree ſouth 
of the eaſt at Alexandria, where the viſible Hori- 
zon is land, and not fea, we can hardly imagine 
her to have been leſs than 15 or 20 minutes of time 
above the true Horizon before ſhe was viſible. 

It appears by Fig 4, which is a delineation of 
this Eclipſe reduced to the time at Alexandria, that 
the Eclipſe began at 53 minutes after V in the 


evening; and conſequently 7 minutes before the 


Moon was in the true Horizon: to which, if we 
add 20 minutes for the interval between her true 
riſing and her being viſible, we ſhall have 27 mi- 
nutes for the time that the Eclipſe was begun 
before the Moon was viſibly riſen.—The middle 
of this Eclipſe was at 3o minutes paſt VII, when 
its quantity was almoſt 10 digits, and its ending 
was at 6 minutes paſt IX in the evening So that 
our Tables come as near to the recorded time of 
this Eclipſe as can be expected, after an elapſe of 
1960 years. 
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CHAP, XVIII. 


Of the fixed Stars. 


Why the 3354. HE Stars are ſaid to be fixed, becauſe | 
2 they have been generally obſerved o 


appear big- 


20 en keep at the ſame diſtances from each other, their“ 
viewed by apparent diurnal] revolution being cauſed ſolely by} 


the bare eye, 


than when the Earth's turning on its Axis. They appear of 
feerttrough à ſenſible magnitude to the bare eye, becauſe the | 


a teleſcope. 


retina is affected not only by the rays of light 
which are emitted directly from them, but by 


many thouſands more, which falling upon our eye- | 
lids, and upon the aerial particles about us, are re- 
flected into our eyes ſo ſtrongly, as to excite vi- 
brations not only in thoſe points of the retina where | 
the real images of the Stars are formed, but alſo 
in other points at ſome diſtance round about. This | 


makes us 1magine the Stars to be much bigger 


than they would appear, if we ſaw them only by! 
the few rays which come directly from them, ſo ] 
as to enter our eyes without being intermixed with 
others. Any one may be ſenſible of this, by look- 
ing at a Star of the firſt magnitude through a Þ 
Jong narrow tube; which, though it takes in as Þ 
much of the Sky as would hold a thouſand ſuch Þ 


Stars, it ſcarce renders hat one viſible. 

The more a teleſcope magnifies, the leſs is the 
aperture through which the Star is ſeen; and 
conſequently the fewer rays it admits into the eye. 

A provfti.ar Now ſince the Stars appear leſs in a teleſcope which 
8 mie magnifies 200 times than they do to the bare eye, 
en light, inſomuch that they ſeem to be only indiviſible 
Points, it proves at once that the Stars are at im- 
menſe diſtances from us, and that they ſhine by 

their own proper light. If they ſhone by bor- 

rowed light, they would be as 7aviſible without 
telelcopes as the Satellites of Jupiter are: for theſe 
Satellites 
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| Satellites appear bigger when viewed with a good 
| teleſcope than the largeſt fixed Stars do. 


355. The number of Stars diſcoverable, in ei- 


ther Hemiſphere, by the naked eye, is not above 
a thouſand. This at firſt may appear incredible, 


349 


becauſe they ſeem to be without number: But the Their aum- 


ber much 


one conſiders how ſeldom the Moon meets with 
any Stars in her way, although there are as many 
about her path as in other parts of the Heavens, 


he will ſoon be convinced that tne Stars are much 


"F thinner ſown than he was aware of. The Briti/b 


catalogue, which, beſides the Stars viſible to the 


bare eye, includes a great number which cannot 
be ſeen without the aſſiſtance of a teleſcope, con- 
tains no more than 3000, in both Hemiſpheres. 


deception ariſes from our looking confuſedly upon i ad, 
them, without reducing them into any order. For generally 
look but ſtedfaſtly upon a pretty large portion of . 
the Sky, and count the number of Stars in it, and 
you will be ſurpriſed to find them ſo few. And, if 


350. As we have incomparably more light from The abfur- 


the Moon than from all the Stars together, it "bw tubing 
| the greateſt abſurdity to imagine that the Stars $ars 
were made for.no other purpoſe than to caſt a faint 
light upon the Earth: eſpecially ſince many more on us in tüte 
require the aſſiſtance of a good teleſcope to find. 
them out, than are viſible without that inſtrument. 
Our Sun is ſurrounded by a ſyſtem of planets and 
Comets; all which would be inviſible from the 
neareſt fixed Star. And from what we already 
kuow of the immenſe diſtance of the Stars, the 
neareſt may be computed at 32, ooo, ooo, ooo, ooo 
of miles from us, which is further than a cannon- 
ball would fly in 7,000,000 of years. Hence it 
is eaſy to prove, that the Sun, ſecn from ſuch a 
diſtance, would appear no bigger than a Star of 
the firſt magnitude. From all this it is highly 
| probable that each Star is a Sun to a ſyſtem of 
worlds moving round it, though unſeen by us; 
*pecially as the doctrine of plurality of worlds is 
N — 4 rational, 


tars were 
made only 
to ſhine up- 
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rational, and greatly manifeſts the Power, Wiſdom, 
and Goodneſs of the Great Creator. 

Their dif-. 357. The Stars, on account of their apparently 

ferent s various magnitudes, have been diſtributed into 
ſeveral claſſes or orders. Thoſe which appear 
largeſt, are called Stars of the firſt magnitude; the 
next to them in luſtre, Stars of the ſecond magnitude ; 
and ſo on to the /ixth, which are the ſmalleſt that 
are viſible to the bare eye. This diſtribution hav- 
ing been made long before the invention of tele- 
ſcopes, the Stars which cannot be ſeen without the 
aſſiſtance of theſe inſtruments, are diſtinguiſhed by 
the name of Teleſcopic Stars. 

And diviſion 358. The antients divided the ſtarry Sphere into 

moons particular Conſtellations, or Syſtems of Stars, ac- 

mm cording as they lay near one another, ſo as to oc- 

cupy thoſe ſpaces which the figures of different 

ſorts of animals or things would take up, if they 

were there delineated. And thoſe Stars which 

could not be brought into any particular Conſtel- 
lation, were called unformed Stars. 

The uſe of 259. This diviſion of the Stars into different 

thisdiviton. Conſtellations or Aſteriſms, ſerves to diſtinguiſh 
them from one another, ſo that any particular Star 
may be readily found in the Heavens by means of 
a Celeſtial Globe; on which the Conſtellations are 
ſo delineated as to put the moſt remarkable Stars 
into ſuch parts of the figures as are moſt eaſily diſ- 
tinguiſned. The number of the ancient Conſtel- 
lations is 48, and upon our prefent Globes about 
70. On Senex's Globes, Bayer's Letters are inſert- 

ed; the firſt in the Greek Alphabet being put to 
the biggeſt Star in each Conſtellation, the ſecond 
to the next, and ſo on; by which means, every Star 
is as eaſily found as if a name were given to it. 
Thus, if the Star / in the Conſtellation of the Ram 
de mentioned, every Aſtronomer knows as well 
what Star is meant, as if it were pointed out to him 
in the Heavens. 


360. There 
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360. There is alſo a diviſion of the Heavens The Zodiac. 


into three parts. 1. The Zodiac (GSizxog) from 
th 1 W Zodion an Animal, becauſe moſt of the Con- 


ellations in it, which are twelve in number, are 


the figures of Animals: as Aries the Ram, Taurus 
the Bull, Gemini the Twins, Cancer the Crab, Leo 
the Lion, Virgo the Virgin, Libra the Balance, 
Scorpio the Scorpion, Sagittarius the Archer, Capris 


cornus the Goat, Aquarius the Water-bearer, and 


| Piſces the Fiſhes. The Zodiac goes quite round 
the Heavens: it is about 16 degrees broad, ſo 
that it takes in the Orbits of all the Planets, and 
likewiſe the Orbit of the Moon. Along the mid- 


dle of this Zone or Belt is the Ecliptic, or Circle 


which the Earth deſcribes annually as ſeen from 
the Sun; and which the Sun appears to deſcribe 
zs ſeen from the Earth. 2. All that Region of 
the Heavens, which is on the north ſide of the Zo- 
diac, contains 21 Conſtellations. And, 3d. That 
on the ſouth ſide, 15. 


361. The antients divided the Zodiac into the The man- 
above 12 Conſtellations or Signs in the following — 4 — 
manner. They took a veſſel with a ſmall hole in antients. 

the bottom, and having filled it with water, ſuf- 
| tered the ſame to diſtil drop by drop into another 
veſſel ſet beneath to receive it; beginning at the 
moment when ſome Star roſe, and continuing until 
it roſe the next following night. The water fallen 
down into the receiver they divided into twelye 
equal parts; and having two other ſmall veſſels in 
| readineſs, each of them fit to contain one part, they 
| again poured all the water into the upper veſſel, 
and oblerving the riſing of ſome Star in the Zodiac, 
| they at the ſame time ſuffered the water to drop 
into one of the ſmall veſſels; and as ſoon as it was 
full they ſhifted it, and ſet an empty one in its 
place. When each veſſel was full, they took no- 
tice what Star of the Zodiac roſe ; and though this 
could not be done in one night, yet in many they 


ob. 
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obſerved the riſing of twelve Stars or points, by which 
they divided the Zodiac into twelve parts. 


362. The names of the conſtellations, and the number 


of Stars obſerved in each of them by different Aſtrono- 
mers, are as follows : 


The ancient Conſtellations. 


Urſa minor 

Urſa major 

Praco 

Cepheus 
Bootes, Ardophilax 
Corona Borealis 
Hercules, Engonaſi 
Lyra 

_ Cygnus, Gallina 
Caſſiopea 

Perſeus 

Auriga 


Serpentarius, Ophiuchus 


Serpens 
Sagitta 

Aquila, Fultur 
Antinous 
Delphinus 


Equulus, Equi ſectio 


Pegaſus, Equus 
Andromeda 
Triangulum 
Aries 

Taurus 
Gemini 
Cancer 

Leo | 
Coma Berenices 
Virgo 

Libra Chelæ 
Scorpius 
Sagittarius 
Capricornus 
Aquarius 
Piſces 

Cetus 

Orion 
Eridanus, Fluwius 
Lepus 

Canis major 
Canis minor 


The Little Bear 
The Great Bear 
The Dragon 
Cepheus 


The Northern Crown 


Hercules Kneeling 
The Harp 
The Swan 


The Lady in her Chair | 


Perſeus 

The Waggoner 
Serpentarius 

The Serpent 

The Arrow 

The Eagle 
Antinous | 
The Dolphin 

The Horſe's Head 
The Flying Horſe 
Andromeda 
The Triangle 
The Ram 

The Bull 

The Twins 

The Crab 

The Lion } 
Berenice's Hair 
The Virgin 
The Scales 
The Scorpion 
'The Archer 

The Goat 

The Water-bearer 
The Fiſhes 

The Whale 

Orion 

Eridanus, the River 
The Hare 

The Great Dog 
The Little Dog 


7 
29 
32 

4 
18 

L 
28 
II 
18 
26 
29 

9 
15 
13 

5 


12 


3 
10 
4 
19 
23 
4 
21 


43 


25 
15 
30 
14 
33 


12 
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353 
The ancient Conſtellations. Ptolemy. Tyche. Tevel. Flat. 
Argo The Ship 45 3 3 
Hydra The Hydra . 
Crater The Cup 7 5 
Corvus The Crow 7 4 9 
Centaurus The Centaur 37 35 
Lupus The Wolf 19 24 
Ara The Altar 7 9 
Corona Auſtralis The Southern Crown 13 12 
Piſcis Auſtralis The Southern Fil 18 24 
The New Southern Conſtellations, 
Columba Naochi Noah's Dove to 
Kobur Carolinum The Royal Oakx 12 
Grus The Crane 13 
Pheœnix The Phenix 13 
Indus The Indian 12 
Pavo The Peacock 14 
Apus, Avis Indica The Bird of Paradiſe 11 
Apis, Muſca The Bee or Fly 4 
Chamzleon The Chameleon 10 
Triangulum Auſtralis The South Triangle G 
Piſets volans, Paſſer The Flying Fiſh 8 
Dorado, X:phigs The Sword Fiſh 6 
Toucan The American Gooſe 9 
Hydrus The Water Snake 10 


Hevelius's Conſtellations made out of tke unformed Stars. 


Lynx The Lynx 

Leo minor The Little Lion 
Aſteron and Chara The Greyhounds 
Cerberus Cerberus 


Vulpecula and Anſer The Fox and Gooſe 
Scutum Sobieſki Sobieſki's Shield 


Lacerta | The Lizard 
Camelopardalus The Camelopard 
Monoceros The Unicorn 
Sextans The Sextant 


363. There is a remarkable track round the The 3245 
Heavens, called the Miley Way, from its peculiar 7” 


Hevelius. 


19 


23 
4 
27 
7 


32 
19 
11 


whiteneſs, which is found, by means of the 
teleſcope, to be qwing to a vaſt number of very 
ſmall Stars that are ſituated in that part of the 


| hcuyens, 


A a 


Flam/t. 


99 9 
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Luc: «SN 
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heavens. This track appears ſingle in ſome parts, 
in others double. 
364. There are ſeveral little whitiſh ſpots in the 
Eicavens, which appear magnified, and more lumi- 
nous When ſeen through teleſcopes; yer without 
any Stars in them. One of theſe is in Andromeda“ 
girdle, e — was firit obſerved A. D. 1612, by Simor 
flarius: it has ſome whitiſh rays near its widdle, 
18 able t to ſeveral changes, and is ſometimes inyi- 
Iible. Another is near the Ecliptic, between the 
head and bow of Sagittarius: it is ſmall, but very 
luminous. A third is on the back of the Centaur, 
which is cob far ſouth to be ſeen in Britain. A 
fourth, of a ſmaller ſize, is before Antinous's right 
foot, having a ftar in it, which makes it appear 
more bright. A fifth is in the Conſtellation of 
tercules, between the Stars & and , which ſpot, 
though but ſmall, is viſible to the bare eye, if the 
Sky be clear, and the Moon abſent. 


nA 


2335, Cloudy Stars are ſo called from their miſty 
appearance. They look like dim Stars to the 
naked eye; but through a teleſcope they appear 
broad illuminated paris of the Sky; in ſome of 
which is one Star, in others more. Five of theſe 
are mentioned Dy Ptolemy. I. One at the extre- 
mity of the right hand of Perſens. One in the 
middle of the Crab. 5 One unformed, near th 
Sting ol the Scorpion. The eye of Sagittarius 
5. One in the head of 54 0 In the firit of theſe 
appear more Stars through the teleſcope than in 
any of the reft, although 21 have been counted in 
the head po Ovion, and above 40 in that of the 
(a), To are vitble in the eye of Sagitfarits 
out. a te ele ſcope, By ſeveral more with it. 
Flamfcad obſerved a cloudy Star in the bow of 
Sagittarius, co e ein ig many {mall Stars: and the 
Star d above &2077tarics's right ſhoulder is encom- 


paſſed with E Re more. Both Cf and Flam— 
jtead dit co ered One bet Veen! Greg: and Little 


Dor, which is very full of Stars vifible only by the 
| le ſcope. 
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} Aſtronomers, which are not now to be found; and 
others are now viſible to the bare eye which are 
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teleſcope. The two whitiſh Spots near the South 
Pole, called the Magellanic Clouds by Sailors, which 
to the bare eye reſemble part vf the Milky Wav, 
appear through teleſcopes to be a mixture of {mail 
Clouds and Stars. Bur the moſt remarkable of all 
the cloudy Stars is that in the middle of Orion's 
Sword, where ſeven Stars (of which three are very 
clole together) ſeem to ſhine through a cloud, very 
lucid near the middle, but faint and ill-defined 
about the edges. Ir looks like a gap in the ſky, 
through which one may ſee (as it were) part of a 
much brighter region. Although molt of theſe 
ſpaces are but a few minutes of a degree in breadth, 
yet, ſince they are among the fixed Stars, they mult 
be ſpaces larger than what is occupied by our Solar 
Syſtem ; md in which there ſeems to be a perpe- 
tual uninterrupted day among numberleſs Worlds, 
which no human art eyer can diſcover. 


366. Several Stars are menjtoned by ancient Changes in 
U the Hea- 
VEns. 


not recorded in the ancient catalogue. Hipparchus 


| obſerved a new Star about 1 20 ycars before CunisT; 
but he has not mentioned in what part of the Hea- 
vens it was ſeen, although it occaſioned his making 
2 Catalogue of the Stars; which 35 the moſt ancient 


that we have. 
The firſt New Star that we have any good ac- 


count of, was diſcovered 85 Cornelius Genma on 


the 8th of November, A. D. 1572, in the Chair of 


Caſſiopea. It furpaſi e's Spies in brightneis and 
magnitude; and was ſeen for 16 months ſacee! 
| ively. At firſt it appeared bigger than Jurizer to 


ſome eyes, by wnich it was ſeen at mid. da) after 
wards it decayed gradually both in magnitude dat 

luſtre, until Marc b, L573, when it became inviſible 
On the [13th of E N 596, David 5 
obſerved the Stella A ra, or wonderful, Star, in the 
Neck of the Hale; which has bein fince found o 
*ppear and diſap Dear perioJicaliy ſeven times in 
Ka 1 
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fix years, continuing in the greateſt luſtre for 1; 
days together; ard 1s never quite extinguiſhed, 
In the year 1600, William Janſenius diſcovered a 
changeable Star in the Neck of the Swan; which, 
in time, became ſo ſmall as to be thought to dil- 
| appear entirely, till the years 1657, 1658, and 
1659, when it recovered its former luſtre and 
| magnitude; but ſoon decayed, and is now of ihe i 
| ſmalleſt ſize. 
In the year 1604, Kepler and ſeveral of his friends MW 
ſaw a new Star near the heel of the right foot of We 
Serpentarius, ſo brighc and ſparkling, that it ex- 
ceeded any thing they had ever ſeen before; and 
took notice that it was every moment changing into 
| jome of the colours of the rainbow, except when 
| it was near the Horizon, at which time it was gene- 
| rally white. It furpaſſed Jupiter in magnitude, 
which was near it all the month of Oclober, but 
caſily diſtinguiſned from Jupiter by the ſteady 
light of that Planet. It diſappeared between OFober, 
1005, and the February following, and has not 
been teen ſin ce that time. 
In the year 1670, July 15, Hevelius diſcovered 
a new Star, which in October was ſo decayed as to 
be ſcarce perceptible. In April following it re- 
gained its luſtre, but wholly diſappeared in 1 Agi 
In March, 1672, it was ſeen again, but very ſmall; 
and has not been viſible ſince. 
in the year 1686, a new Star was diſcovered by 
Teirch, which returns periodically in 404 days. 
In the year 1672, Caſſini ſaw a Star in the Neck 
of the Bull, which he thought was not viſible in 
Frey s time; nor when Bayer made his Figures. 
ca Hotte 367. Many Stars, beſide thoſe above mentioned, 
Comets. have We obſerved to change their magnitudes; 
and as none of em couid ever be perceived 10 
have taiis, it is plain they could not be Comets; 
eipectally as they had no Parallax, even when largeſt 
211d brighteſt, It would ſeem that the periodical 
Stars have vaſt ciulicrs of dark ſpots, and ver) 
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| nute of a degree with reſpect to others. But whe- 
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blow rotations on their Axes; by which means, 
they muſt diſappear when the fide covered with 
ſpots is turned towards us. And as for thoſe which 
break out all of a ſudden with ſuch luſtre, it is by 
no means improbable that they are Suns whoſe 
fuel is almoſt ſpent, and again ſupplied by ſome 


of their Comets falling upon them, and occaſion- 


ing an uncommon blaze and ſplendour for ſome 
time: which indeed appears to be the greateſt uſe 


of the cometary part of any ſyſtem *. 


357 


Some of the Stars, particularly Arfurus, have Some Stars 
been obſerved to change their places above a mi- se er 


ther this be owing to any real motion in the Stars 
themſelves, muſt require the obſervations of many 
ages to determine. If our Solar Syſtem changes 
its place, with regard to abſolute ſpace, this mult 
in proceſs of time occaſion an apparent change in 
the diſtances of the Stars from each other: and in 
ſuch a caſe, the places of the neareſt Stars to us 
being more affected than thoſe which are very re- 
mote, their relative poſitions muſt ſeem to alter, 
though the Stars themſelves were really immove- 
able. On the other hand, if our own Syſtem be at 
reſt, and any of the Stars in real motion, this muſt 
vary their politions; and the more ſo, the nearer 


* M. Manpertuis, in his diſſertation on the figures of the 
Celeſtial Bodies (p. 61—63) is of opinion that ſome Stars, by 


their prodigious quick rotations on their Axes, may not only 


aſſume the figures of oblate ſpheroids, but that by the great 
centritugal force, ariſing from ſuch rotations, they may be- 
come of the figures of mill- ſtones; or be reduced to flat cir- 
cular planes, 10 thin as to be quite tnvii ible when their edges 
are turned toward us: as Saturn's Ring is in ſuch politions. 


But when any eccentric Planets or Comets go round any flat 


Star, in Orbits much inclined to its Equator, the attraction 
of the Planets or Comets in their Perihelions mult alter the in- 
clination of the Axis of that Star; on which account it will 
appear more or leis large and luminous, as its broad ſide is 
myre or lets turned toward us. And thus he imagines we 
miy account for the apparent changes of magnitude and luſtre 


in thoſe Stats, and likewiſe for their appearing and ditappear- 
ing. 
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they are to us, or ſwifter their motions are; or the 
more proper the direction of their motion is for 
our Perception. 

368. The obliquity of the Ecliptic to the Equi- 
noctial is found at preſent to be above the third 
part of a degree leſs than Pzolemy found it. And 
moſt of the obſervers after him found it to decreaſe 
gradually down to T:cho's time. If it be objefted, 
that we cannot depend on the obſervations of the 
ancients, becauſe of the incorrectneſs of their In- 
ſtruments; we have to anſwer, that both Yycho and 
Flamficad are allowed to have been very good ob— 
ſervers; and yet we find that ['/amfteed makes 


this obliquity 24 minutes of a degree Jeſs than 


Tycho did, about 100 years before him: and as 
Plolemy was 1324 years before Tycho, ſo the gra- 
dual decreaſe aniwers nearly to the diſterence of 
time between theſe three Aitronomers. If we 
conſider, that the Earth is not 2 perfect ſphere, but 
an oblate ſpheroid, having its Axis ſhorter than 
its cquatorial diameter; and that the Sun and 
Moon are conſtantly acting obliquely upon the 
greater quantity of matter about the Equator, 
pulling it, as it were, toward a nearer and nearer 
co: incidence with the Ecliptic; it will not appear 
improbable that theſe actions ſhould gradually di- 
mints the Angle between thoſe Planes. Nor is it 
leſs probable that the mutual attraction of all the 
Planets ſhould have a tendency to bring their Or- 
bits to a co- incidence: but this change is too ſmall 
to become ſenſible in many ages 
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CHAF XXI. 


Of the Diviſion of Time. A perpetual Table of New 
Moons. The Times of the Birth and Death of 
CarrtsT. A Table of remarkavle Mraàs or Events. 


369. H E parts of Time are Seconds, Minutes, 


Hours, Days, Tears, Cycles, Ages, and 
Periods. 
370. The original ſtandard, or integral meaſure A Year. 


of time, is a Year; which is determined by the 


Revolution of fome Celeſtial Body in its Orbit, 


E viz. the Sun or Moon. 


371. The Time meaſured by the Sun's Revolu- Tropical 
tion In the EKcliptic, from any Equinox or Solſtice eu. 


to the ſame again, is called the Sælar or Tropical 


Year, which contains 265 days, 5 hours, 48 mi- 


nutes, 57 ſeconds; and is the oaly proper or na- 
| tural year, becauſe it always keeps the ſame ſea- 
ſons to = ſame months. 


372. The quantity of time meaſured by the syderea 


| Sun's Revolution as from any fixed Star to the Lear. 
ſame Star again, is called the Sydereal Tear; which 

| contains 365 days, 6 hours, 9 minutes, 14 ſe- 

þ <onas 3 and is 20 minutes, 17 ſeconds longer 
than the true Solar Year. | 


373. The time meaſured by twelve Revolutions LunarYear 


of the Moon, from the Sun to the Sun again, is 
called the Lunar Year ; it contains 354 days, 8 


hours, 43 minutes, 36 ſeconds; and is therefore 
0 days, 21 hours, o minutes, 21 ſeconds ſhorter 


than the Solar Year, This is the foundation of 


the Epact, | 
374. The Civil Near is that which is in common Civil Year. 
ue among the different nations of the world; of 
which, ſome reckon by the Lunar, but moſt by 
tnedolar. The Civil Solar Year contains 365 days, 
jor three years running, which are called Comm 
{ears; and then comes in what is called the Bifox- 
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tile or Leap-year, which contains 366 days. This 
is alſo called the Julian Year, on account of Julin; 
Caſar, who appointed the intercalery day eveiy 
fourth year, thinking thereby to make the Civil 
and Solar Year keep pace together. And this 
day, being added to the 23d of February, which in 
the Ronan Calendar was the ſixth of the Calend; 
of March, that ſixth day was twice reckoned, or 
the 23d and 24th were reckoned as one day; and 
was called Bis ſextus dies, and thence came the 
name Biſſextile for that year. But in our common 
Almanacks this day is added at the end of Febructj. 

375. The Civil Lunar Year is allo common or 
intercalary. The common Year conſiſts of 12 
Lunations, which contain 354 days; at the end of 
which, the year begins again. The [ntercalary, or 
Einbolimic Year, is that wherein a month was added 
to adjuſt the Lunar Year to the Solar. This me- 
thod was uled by the Fetus, who kept their account 


by the Lunar Motions. But by intercalating no 


—_ than a month of 3o days, which they called 

'e-Adar, every third year they fell 23 days ſhoit 
bf the Solar Year in that time. 

376. The Romans alfo uſed the 7 unar Embilt 
mic Year at firſt, as it was ſettled by Romulus their 
friſt King, who made it to conſiſt only cf ten 
months or Lunations; which fell 61 days ſhort cf 
the Solar Year, and ſo their year became quite 
vague and unfixed; for which reaſon. they were 
forced to have a Table publiſhed by the High: 
Prieſt, to inform them when the ſpring and other 
ſeuſons began. But Julius Cæſir, as already men- 
tioned, $ 374, taking this troubleſome affair into 
conſideration, reformed the Calendar, by making 
the year to conſiſt of 365 days, 6 hours. 

277. The year thus ſettled, is what was uſed in 
Britain till A, D. 1752: but as it is fomewhat mo 
than 11 minutes longer than the Solar Tropical Yer 
the times of the Equinoxes go backward, and fall 
carlier by one day in about 130 years, g the time 


of 
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of the Nicene Council (A. D. 325), which was 1439 
years ago, the Vernal Equinox fell on the 2 1ſt of 
March: and if we divide 1444 by 13o, it will 
quote 11, which is the number of days the Equi- 
nox has fallen back ſince the Council of Nice. 
This cauſing great diſturbances, by unfixing the 
times of the celebration of Eaſter, and conſequently 
of all the other moveable Feaſts, Pope Gregory the 
XIII. in the year 1582, ordered ten days to be at 

once ſtruck out of that year; and the next day 
after the fourth of Ofober was called the fifteenth. 
By this means the Vernal Equinox was reſtored to 
the 21ſt of March; and it was endeavoured, by 
the omiſſion of three intercalary days in 400 years, 
to make the Civil or Political year keep pace with 
the Solar for the time to come. This new form 
of the year 15 called the Gregorian Account, or New 
Stile; which is received in all countries where the 
Pope's authority is acknowledged, and ought to 
be in all places where truth 1s regarded, 


378. The principal diviſion of the year is into yas. 


Months, which are of two forts, namely, Aſtronomi- 
cal and Civil, The Aſtronomical month is the time 
in which the Moon runs through the Zodiac, and 
is either Periodical or Synodical, The Periodical 
Month is the time ſpent by the Moon in makin 
one complete Revolution trom any point of the 
Zodiac to rhe ſame again; which is 24 7h 43", 
The Synoudical Month, called a Lamation, is the time 
contained between the Moon's parting with the 
Sun at a Conjunction, and returning to him again; 
which is 29% 12 44m. The Civil Months are thoſe 
which are framed for the uſes of civil life; and 
are different as to their names, number of days, 
and times of beginning, in ſeveral different Coun— 
tries. The firit Month of the Zewwijh Year fell, ac- 
cording to the Moon, in our Avgujt and September, 
Old Stile; the ſecond in September and October; 
and ſo on The firſt month of the Egyptian Year 
began ou the 29th of our 4yg47% The firſt month 
ot 
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of the Arabic and Turkiſh Year began the 16th of 
July. The firſt month of the Grecian Tear feil, ac- 
cording to the Moon, in June and July, the ſecond 
in July and Auguſt, and ſo on, as in the tollowing 
Table 

379. A month is divided into four parts called 
Weeks, and a week into ſeven parts called Days ; 
fo that in a Julian year there are 13 ſuch Months, 
or 52 Wecks, and one Day over. The Gentiles 
gave the names of the Sun, Moon, and Planets, to 
the Days of the Week. To the firſt, the Name of 
the Sun; to the ſecond, of the Moon ; to the third, 
of Mars; to the fourth, of Mercury; to the fifth, 
of Jupiter; to the fixth, of Venus; and to the 
ſeventh, of Salurn. 


N The en year. Days 
— — — — — 
1 Tiſri — — — Aug. Sept. 30 
2 Marcheſvan — — Sept. Oct. 29 
ZCaſleauu — — — Oct.— Nov. 30 
„ wm; cs, © wo Nov.—Dec. 29 
| 5 Shebat — — — Dec. — jan. 30 
| 635 Adar — — — jan. — eb. 29 
| 7/Nifan or Abib — Feb.— Mar. 30 
8 Thar — — — Mar.— Apr. 29 
9Sivan — — — Apr. —May 30 
10 Tamuz — — — May — June 29 
Ab — — — june july 30 
21 Elul — — — ſuly— Aug. 29 
Days in the year — — 354 
lu the Embolimic year after Adar 5 added a 
month called Le-Adar of 30 days. | 


— — 
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N. The Egyptian year. Days| 
t Thoth — — Auguſt 29 30 
2 Paophli — — September 28 30 
3 Athir — — October 2830 
4 Chojac _ — November 27 | 30 
5 Ty bi — — December 27 30 
6 Mechir — — January 2630 
7 Phamenoth — — February 25 | 30 
8 Parmuthi — — March 27 | 30 
9 Pachon — — April 20 30 
toPayni  — — May 26 | 30 
{1 Epiphi — — june 25 30 
2 Meſori _ — July 25. 30 
Epagomenæ or days added — 5 
Days in the year — — 365 
IN*] The Arabic and Turkiſh year. Days 
IMuharram — — July 16 | 20 
2 Saphar — — Auguſt 15 29 
3 Rabia I. — — September 13 | 30 
4|Rabia II. — October 1329 
5 Jomada I. — — November 11 | 20 
 6Jomada II, — — December 11 | 29 
7/Rajab — — January 9 30 
| 8Shaſban — — February 8 | 29 
gRamadam — — March 9 30 
ſoShawal — — April 829 
| jIiDullaadah — — May 7 30 
| [12 Dulheggia — — June 5 29 
385 LOO 3 4 
Days in the year — — 4. 


The Arabians add 11 days at the end of every year, 
which keep the ſame months to the ſame ſeaſons. | 


„ 


N“ 
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N* The ancient Grecian year. 
1|Hecatombeon — — June—July 30 
2 Metagitnion — — July Aug. 29 
3 Boëdromion— — Aug. — Sept. 30 
4 Fyanepſion — — Sept. — Oct. 29 

5 Maimacterion — — Oct.— Nov. 3 
6Poſideon — — Nov. — Dec. 29 
„Gamelion — — Dec. lan. 30 
8 Antheſterion — — jan. Feb. 29 
9 Elaphebolion — — Feb.— Mar. 30 

10 Municheon — — Mar. - Apr. 29 

11 Thargelion— — Apr. — May 30 

12 Schirrophorion — May — June 29 

Days in the year — — [364 


380. A Day is either Natural or Artificial. The 


Natural Day contains 24 hours; the Artificial, the 


time from Sun-riſe to Sun-ſet, The Natural Day 
is either Aſtronomical! or Civil. The Aſtronomical 
Day begins at Noon, becauſe the increaſe and de- 
creaſe of Days terminated by the Horizon are very 
unequal among themſelves; which inequality is 
likewiſe augmented by the inconſtancy of the hori- 
zontal Refractions & 183; and therefore the Aſtro- 
nomer takes the Meridian for the limit of diurnal 
Revolutions; reckoning Noon, that is, the inſtant 
when the Sun's center 1s on the Meridian, for the 
beginning of the Day. The Britiſh, French, Dutch, 
Germans, Spaniards, Portugueſe, and Egyptians, be- 
gin the Civil Day at Midnight: the ancient Greeks, 
Fews, Bohemians, Silcfians, with the modern Italians, 
and Chin:/e, begin it at Sun-fetting: and the an- 
cient Babylonians, Perſians, Syrians, with the modern 
Greeks, at Sun-rifing, 25 

381. An Hour is a certain determinate part of 
the Day, and is cither equal or unequal. An equal 
Hour is the 24th part of a mean natural Day, as 


ſhewn 
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ſhewn by well-regulated Clocks and Watches; but 
theſe Hours are not quite equal as meaſured by 
the returns of the Sun to the Meridian, becauſe 
of the obliquity of the Ecliptic and Sun's unequal 
motion in it, 5 224—245. Unequal Hours are 
thoſe by which the Artificial Day is divided into 


twelve Parts, and the Night into as many. 


382. An Hour is divided into 60 equal parts Minutes, 


called Minutes, a Minute into 60 equal parts called 8 oP 
Seconds, and theſe again into 60 equal parts called Scruples. 


Thirds. The Jews, Chaldeans, and Arabians, divide 
the Hour into 1080 equal parts called Scruples ; 
which number contains 18 times 60, ſo that one 
minute contains 18 Scruples. 


383. A Cycle is a perpetual round, or circula- cycles of 
tion of the ſame parts of time of any ſort. The the Sun, 


Cycle of the Sun is a revolution of 28 years, in which 
time the days of the months return again to the 
ſame days of the week; the Sun's Place to the 
ſame Signs and Degrees of the Ecliptic on the 


ſame months and days, ſo as not to differ one de- 


gree in 100 years; and the Leap-years begin the 


ſame courſe over again with reſpect to the days of 


the week on which the days of the months fall, 


Moon, anc 
Indiction. 


The cle of the Moon, commonly called the Golden 


Number, is a revolution of 19 years; in which time, 
the Conjunctions, Oppoſitions, and other Aſpects 
of the Moon, .are within an hour and half of 
being the ſame as they were on the ſame days of 
the months 19 years before, The Indictian is a re- 
volution of 15 years, uſed only by the Romans for 


indicating the times of certain payments made by 


the ſubjects to the Republic: it was eſtabliſhed by 


Conſtantine, A. D. 312. | 

384. The year of our SaviouR's Birth, accord- 
ing to the vulgar Ara, was the gth year of the 
Solar Cycle; the firſt year of the Lunar Cycle; 
and the 312th year after his birch was the firſt year 
of the Roman Indiction. Therefore, to find the 
year of the Solar Cycle, add 9 to any given year 


of 


To find the 
Years of 


theſe Cycles. 
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of Canis, and divide the ſum by 28, the Quotient 
is the number of Cycles elayſed fince his birth, 
and the remainder 1s the Cycle for the given year : 
if nothing remain, the Cycle is 28. To find the 
Lunar Cycle, add 1 to the given year of CURIST, 
and divide the ſum by 19; the Quotient is the 
number of Cycles clapled in the interval, and the 
remainder is the Cycle for the given year: if no- 
thing remain, the Cycle is 19. Laſtly, ſubtract 
312 from the given year of CHRIST, and divide 
the remainder by 15; and what remains after this 
diviſion is the Indiction for the given year: if no- 
thing remain, the Indiction is 15. 

The defici- 385. Although the above deficiency in the Lu- 
2 nar Cycle of an hour and half every 19 years 
cle, and con- be but ſmall, yet in time it becomes fo ſenfible as 
blanc. to make a whole Natural Day in 310 years. So 
that, although this Cycle be of uſe, when the Golden 
Numbers are righily placed againſt the days of the 
months in the Calendar, as in our Common Prayer 
Books, for finding the days of the mean Conjunc- 
tions or Oppcfitions of the Sun and Moon, and 
conſequently the time of Eater; it will only ſerve 
for 310 years, Od Stile. For as the New and Full 
Moons anticipate a day in that time, the Golden 
Numbers ought to be placed one day earlier in the 
Calendar for the next 310 years to come. Theſe 
Numbers were rightly placed againſt the days of 
New Moon in the Calendar, by the Council of 
Nice, A. D. 325; but the anticipation, which has 
been neglected ever ſince, is now grown almoſt 
into 5 days; and therefore all the Golden Num- 
bers ought now to be placed 5 days higher in the 
Calendar for the O Stile than they were at the 
time of the ſaid Council; or fix days lower for the 
New Stile, becaule at preſent it difiers 11 days 

from the Old. 
Howtofind 386. In the annexed Table, the Golden Num- 
the oy of bers under the months ſtand againſt the days of 
Moonbytke New Moon in the left-hand column, for the New 


Number. 12825 


r 


= 


LI 
1 
ed. 


Of the Diviſion of Time, 6 
RESES] * 


— owe — 
— — — 
— — 


91 77 6 


| IS 
. To 


| 
| 
| 


—— — ws — 
— —— 
— 


368 Of the Diviſion of Time. 


Stile; adapted chiefly to the ſecond year after 

Leap-year, as being the neareſt mean for all the 

four; and will ſerve till the year 1900. Thcre— 

fore, to find the day of New Moon in any month 

of a given year till that time, look for the Golden 

Number of that year under the defired month, and 

againſt it, you have the day of New Moon in the 

left-hand column. Thus, ſuppoſe it were required 

to find the day of New Moon in Sepiember, 1757; 

the Golden Number for that year is 10, Which! 

look for under September, and right againſt it in the 

left-hand column I find 13, which is the day of 

New Moon in that month. N. B. If all the Golden 

Numbers, except 17 and 6, were ſet one day lower 

in the Table, it would ſerve from the beginning 

of the ycar 1900 till the end of the year 2199. 

The firſt Table after this Chapter ſhews the Golden 

Number for 4000 years after the birth of CHRIST; 

by looking for the even hundreds of any given year 

at the left hand, and for the reſt to make up that 

year at the head of the Table; and where the co- 

lamns meet, you have the Golden Number (which 

is the fame both in Old and New Stile) for the 

given year. Thus, ſuppole the Golden Number 

was wanted for the year 1757; J look for 1700 at 

the left hand of the Table, and for 57 at the top 

of it; then guiding my eye downward from 57 to 

over againſt 1700, I find 10, which is the Golden 
Number for that year. 

A perpetual 387. But becauſe the Lunar Cycle of 19 years 

Tabievi® ſometimes includes five Leap-years, and at other 

Moonto the times only four, this Table will ſometimes vary à 

near nt day from the truth in Leap-years after Februar) 

Stile. And it is impoſſible to have one more correct, un- 

leſs we extend it to four times 19 or 76 years; in 

which there are 19 Leap-years without a remain” 

der. But even then to have it of perpetual uſe, it 

mult be adapted to the Old Stile; becaule in every 

centurial year not divifible by 4, the regular court 

of Leap-years is interrupted in the New; as wil 

: 8 


1 


mf — 2 == _— —_—_— 


3 
4 
4 37 
2 
| 
1 


Of the Divifion of Time. 


be the caſe in the year 1800. Therefore, upon 
the regular Old Stile plan, I have computed the 
following Table of the mean Times of all the New 


F Moons to the neareſt hour for 76 years; begin- 


ning with the year of CURISsT 1724, and ending 
with the year 1800. 
This Table may be made perpetual, by deduR- 


ing 6 hours from the time of New Moon in any 


given year and month from 1724 to 1800, in or- 
der to have the mean Time of New Moon in any 
year and Month 76 years afterward; or deducting 
12 hours for 152 years, 18 honrs for 228 years, 
and 24 hours for 304 years: becauſe in that time 
the changes of the Moon anticipate almoſt a com- 
plete natural day, And if the like number of 
hours be added for fo many vears paſt, we ſhall 
have the mean time of any New Moon already 
clapled. Suppoſe, for example, the mean time of 
Change was required for January, 1802; deduct 
76 years, and there remains 1726, againſt wuich, 
in the following Table, under January, I find the 
time of New Moon was on the 21ſt day, at 11 in 
the evening: from which take 6 hours, and there 
remains the 21ſt day, at 5 in the evening, for the 
mean time of Change in Faruary, 1802. Or, it the 


time be required for May, A. D. 1701, add 76 


years, and it makes 1777, which I look tor in the 
Table, and againſt it, under May, I find the New 
Moon in that year falls on the 25th day, at 9 in 
the evening; to which add 6 hours and it gives 
the 26th day, at 3 in the morning, for the time of 
New Moon in May, A: D. 1701. By this addi- 
tion for time paſt, or ſubtraction for time to come, 
the Table will not vary 24 hours from the truth 
in leſs than 14592 years. And if, inſtead of 6 
hours for every 76 years, we add or ſubtract only 
hours 52 minutes, it will not vary a day in 10 
millions of years. . 
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Although this Table is calculated for 76 years 
only, and according to the Old Stile, yet by means 
of two eaſy Equations it may be made to anſwer 
as exactly to the New Szile, for any time to come. 
Thus, becauſe the year 1724 in this Table is the 
firſt year of the Cycle for which it is made; if 
from any year of CHRIST after 1800 you ſubtra& 
1723, and divide the overplus by 76, the quotient 
will ſhew how many entire Cycles of 76 years are 
elapſed ſince the beginning of the Cycles here pro- 
vided for; and the remainder will ſhew the year 
of the current Cycle anſwering to the given year 
of Cnrisr. Hence, if the remainder be o, you 
muſt inſtead thereof put 76, and leſſen the quo- 
tient by unity. | 

Then, lock in the left-hand column of the Table 
for the number in your remainder, and againſt it 
you will find the times of all the mean New Moons 
in that year of the preſent Cycle, And whereas 
in 76 Julian years the Moon anticipates 5 hours 
52 minutes, if therefore theſe 5 hours 52 minutes 
be multiplied by the above found Quotient, that is, 
by the number of entire Cycles paſt ; the product 
ſubtracted from the times in the Table will leave 
the corrected times of the New Moons to the Od 
Stile; which may be reduced to the New Stile thus: 

Divide the number of entire hundreds in the 


giren year of ChRIST by 4, multiply this quotient 


by 3, to the product add the remainder, and from 
their ſum ſubtra& 2: this laſt remainder denates 
the number of days to be added to the times above 
corrected, in order to reduce them to the Nero Stile. 
The reaſon of this is, that every 400 years of the 
New Stile gains 3 days upon the Old Stile: one of 


which it gains in each of the centurial years ſuc- 


cceding that which is exactly diviſible by 4 without 
a remainder; but then, when you have found the 
days fo gained, 2 muſt be ſubtracted from their 


number on account of the rectifications made in 


the Calendar by the Council of Nice, and ſince by 
_ ' Pope 
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Pope Gregory. It mult alſo be obſerved, that the 
additional days found as above directed, do not 
take place in the centurial Vears which are not 


multiples of 4 till February 29th, Old Stile, for on 
that day begins the difference between the Stiles; 
till which day, therefore, thoſe that were added in 
the preceding years muſt be uſed. The following 
Example will make this accomodation plain. 


Required the mean time of New Myon in 1 A. D. 
1909, N. F. 


From 1909 take 1723 
years, and there remains 

Which, divided by 76, 
gives the quotient 2 
and the remainder — 

Then, againſt 34 in the 
Table is June — 

And gh 5 zm multiplied by 
2 make to be ſubtr. — 

Remains the mean time 


according to the Old 


| Stile, June — — 
Entire hundreds in 1909 
are 19, which divide by 
4, quotes — — 
And leaves a remainder of 
Which quotient multipli— 


ed by 3 makes 12, and 


the remainder added 
makes — 
From which ſubtract 2, 
and there remains — 
Which number of days 


added to the above tune, 


Old Kile, gives Tune — 184 8b 16 Morn, N. S. 
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34 


51 8h om Afternoon 
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| So the mean time of New Moon in June, 1909, 
New Stile is the 18th day, at 16 minutes paſt 8 in 


the Morning. | 
If 11 days be added to the time of any New 
| Moon in this Table, it will give the time of that! 
| New Moon according to the New Stile till the year 
1800. And if 14 days 18 hours 22 minutes be 
added to the mean time of New Moon in either 


| -S44- 503 err! 


Stile, it will give the mean time of the next Full 
Moon according to that Stile. 
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j< A TaBLE Jhewing the times of all the . of the 
8 Moon, to the neareſt Hour, through four Lunar Periods, 
er 76 years. M /ignifies morning A, afternoon. 5 
IJ January | February | March April 
4 A.D. * | 95 | DEI Wes: 
& D. fi. D. HD. HD. H 
| 11724014 5 Aii3 s5Mji3z 6A 12 M 
es 2M 1:4 n ene 
3172621 11 Aſo 11M21 12 Al 20 14A 
4572917 8M] 9 All oM g 10A 
511725130 6M|:8 7 Ag yMz7 8A 
2 | 611729118 2 All7 3Mjis 4A _ 4M 
1730 7 11 AJ 6 o Al 8 IMI 6 1A 
a rig go Alz5 loMz6 10 Af 11M 
; 91732116 5Mji4 GAlis 7Mäzz 8A 
N 1017334 4 2 A3 3M 4 4A 3 4M 
5 [1 tacks o Aza 1Mſ23 1 Alzæa 2M 
V (211735174 o Ajit M12 1 11 M 
„CC ons 
13 736537 6 A == RO 8 Al 9M 
| 141737]z0 3Z Mis 4 Aſo 4Mhi8 54A 
5 1511738] 9g 11M| 7 is Al.g-- 1 A'8 2M 
5 16 173028 gMi26 10 Aj28 1M|z6 12A 
174116 3M 4 4 AC 4M|4 5A 
1742424 12 Alz3 1 Alz 2Mſ2z 3 A 
174314 oMj2 10 Al4 II Mürz 12 A 
1 M 
: 22 1745 21 4 A420 5M 21 5 Al20 6M 
| 2311740 10 12A| 9 I A|II 2M| 9 3 Al 
24174729 10 Al28 11Mj2g 11Aſ28 A 
þ 2511748hig G6M|i7 7 Als & M6 94A 
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1 "A Tas of the mean New Moons, X. 
| = May June | July | Auguſt 
949 1— i 2 
8 9. D. H. H. 
10172411 8A 2 8M 9 9A 10M 
| vl 
211725 30 3 A0 6M 8M 
| 3[1726[20 1 MIUi8s 2A 4 A 
411727] 9 11M| 7 12A I M| 
g11728[27 8 M25 9A It A 
66172916 5 A5 OM 7M 
717306 2M 4 32A 4A 
861731024 11 A[ 23 0A 2A 
91732 $Mjiz: 9A 114A 
t 6M 
to[1733] 2 5M 7A 8A 
[111734 2 Allo 3M 5M 
1241735¼10 11449 8A 2A 
30173648 9 Aſ27 1oM OA 
144173718 5 MU 6A 8A 
150173807 2A 6 34]. 5M 
166173926 oaAſz5 1M 3M 
1711740014 9g AL3 10 M 0A 
1801744 5ẽNM 2 6A 8 M 
190174223 3MzWi t 4A 6A 
20017431 2 OAUIl 1M 3M 
2111744430 10 Mz8 11A 12 A 
22174549 6A 7M 8 M 
2301 740%ü 3M 7 44 6 A 
24017479 1zAſ26 1A 34. 
251745016 gMſi4 10A 1 
| 2 9 
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I J Tancr of the mean New Moons, &c. 
| 2. September October | November December 
MADE... - 1333 2 
A D. 1D. HD. HP. 1. 
111724] 6 10 A| 6 11M 4 12 A * 7 
211725125 8 Aſ25 gMjz23 10 Aſz3 — 
211726115 5 M14 5 Alr3 G MIZ 7A 

| 2. 4M 

411727] 4 1A 4 2M] 2 3 A317 5 A 
5172822 11Mſ2i 12 Al2o0 1 Alz 2M 
6172911 8 AllI. oM|g 10 Alo 11M 
71739. 6 5 7 Mäzs 8 Aſ28 951 
80173120 2Mjig 3 A8 4M 17 5 4A 
91732 8 TIM 7 12 A6 1 A6 2M 
1011733127 9 Mj26 10 Aſ2gs 11MP24 11 A] 
11173416 5 A6 OMſi4 7 Al4 8M 
1217351 6 2M 5 34 4. 4M 3 5A 
(31173923 12 Aj23- 1 Aj: 2Wiat 34 
14173713 8Mji2 9A ioMio 11A 
2 6M | 

9.4789 2 5 A031 7 A53⁰ 8 M29 8A 
16173921 3 Aſ21 4MͤIiY 5 Al EMI 
[1711749 g 12 A9 1 A 8 2 Mu 7 3A 
18174128 9 Aſ28 1ioMj26 11 Alz 6 11M 
19 742018 6 M17 7A SME 94 
20 %%% % 3417 4M5 $1 1 
21174402 5 1 AS 2 Mäzz3 3 Az3 3M 
2211745114 9 i 1 11 A2 oA. 
VII 1 A 

2311746] 4 6M} 3 75 2 8M, 37 
2411747123 3 M22 )( 
ee :2Ag : 3M 
2011749 30 legs 11 ay o Aſ27 12A 

tad Me. | 0 | | 
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75 
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=} A VABLE of the mean New Moons continued.” 
— January. l ebruary.| March. | April. 

2 A. D. | I: 
© eh | ” | 
5 D. H. D. Ho DD, H. D. H. 
271750 1 3125 2M26 3 Alz ß 4M 
281751015 10 A1 e 11Al4 OA 
29752 5 6M. 3 7 A 4. 8M 2 9 A 

8 
30 WY 4 M2 5 A'23  GOMiz2t.. 7A 
31175412 1 Af 2 Miz 3 All 4M 
1 10 1 

321755031 11M 31 o As 23 
3211756120 7 Alg B8Mig 9 Al8 NM 
341757) % 4M7 5 ο 6M7 74 
35117 59128 2Nj6 3g Aj28 3 M426 4 A| 
:o11759)17 io Mts ir Au A856 --£M 
371760 6: AEB $M] $--- 9 Al's 10 M 
3801764024 6 Aj:3 6 M2 7 Alz3 8M 
391/624 2 Mh: 3 Ar 3 4 
401176; 3-.4+M-c- 12 Ag 0 AFs 14 
1411176422 8Mj2o gAſ:i 1oMnig 11A 
421156: 10 A 9 6Mlio 6A 9 7M 
43176629 , 2 Aſ28 2 Alag 4 Aj28 Lu 
44176718 ! 12 Allg 1Mjt9- 24 
4511768 8 $8M|6: 9A 7 1oM| 5 11A 
476% 0 6M 7 A 7Mpa 8 A 
47 1770115 | 2 Altg 2 Mis 4 Al4 5M 
4801771 4 fiM 3 K I Mͤ4 3 2 A 
14911772123 9 Aſz2 ioMſz2 10 Afr 11M 
500177312 5 MIO 6Aji2 7M 8A 
ee e, SME 3-48 | 
1521177520 O A9 iM2o 2 A9 3M 
31728 9-. 9 A8 'toM] 8 10 A 7 11M 
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E ATALE of the New Moons continued. | 
Wd [dw | Jo | Jap | due 

ap. . 
| & D. 11D. . o. M. D. HI. 


ä 2 — 


— — * 
— 
— | — 


5 27,17 $9124. 4A 23 5 M22 6 A121 7M 
x 75/13 12 A2 1 A2 2 Mio 3A 
7 2 IN. 

5 2917520 16 a[39 II Mj2g 12 Alz8 64 
30/1 753zC UYM IH 8 At gMji7 10A 
W [31117540 4A 9 5 48 6A 7 7M 


32175529 1 A128 2 M27 3 Alz5 3M 


f 5757/7 7 MUS As YM 3 10A 
i 3511758]126 4Mj24 5 AR4 OMp2 7A 
| 3661759015 1 A 14 2 Miz 3 A2 2M 
37,7600 3 10 A 2 II NM . 12 4530 IM 
381761022 o AlZzT 1ioMjzo 10 AHS 11M 
| [3911762112 4Mlo 5 Alo OM|IS 7A 
1 1. g 

70763, 2 M429 2 Az 4 Mͤz7 44 


44176717 2 Mii5 3All5 4Mjg 5A 
| 2... 4M 
45117603] 5 11M] 3. 12 A 3 1131 yy 


Of the Diviſion of Time. 
Y 


E A TABLE of the mean New Moons continued. 
8 Peptember October November December 
A.D.— — ——— OO 
ST 10. HH; ED. HD. i 
271759 7 Al 8 Mi7 9 A7 10M 
2801751 9g 2M|8 4A 7 SM 6 6A 
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F A TABLE of the mean New Moons concluded. 

5 January | February] March | April 
BNR: : 3 : 
E 

54077702) = 6 Alz6 7M[z7 8 Alz6 9 M} 
5511778117 313 4 A7 SMI 6A 
5611779] 6 OA 1M 6 2A 35 3M 
5717805 1oMſ23 11 Alz4 II Mlz2z 12 A 
55817813 6 Afl2 M13 8 Alr2 M 
59 1782 3 IMT AA 5M 2 6 
60178322 I MZz0 2 _ _ 3 Al 
Sinz oM| 9g 1o Alto IIMͤI 8 1 
2178 5.9 7TMſ27 8 Alzg gMſz7 10 A 
3117860118 4 Afl7 5Mji8 5 Afr7 6M 

| 16411787] 7 12 A6 1 Al 8. 2M 6 3A 
6578826 10 Aſzg 11Mſ2g 12 Alz4 14A 
6617891 5 has 8 Allis g9M|t3 10A 

| [67117904 4A[3 sM A 5 A3 6M 
| (68]1791]23 1Aſz2 2Mſ-z3 gAſ2 4M 
| 69]1792]12 10 Aſi: 11Mjit 12 Alo 1A 
V | 
| 19117930 8 35 18 nf 
7I]11794ſ20 5Mji8 6 Alz 6MI18 7A 
7211795] 9g 1A 8 2M 9 3 AJ 8 1 
| [73]1796/28 11M|26 12 Alz) o Alz 1M 
741797116 7 A5 8 Mr 9 Als 1oM 
1511798] 6 4M 4 5 A6 6M 4 7A 
7607995 2 Mäzz 3 Az 4Mz3 5 A 
14 It Mia 12 Altz- S A2 1 


The year 1800 begins a new Cycle. 
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A TABLE of the mean new Moons concluded. 
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A TABLE of the mean New Moons concluded.” 
September] October November December 
. BD. HD. t 
20 1 419 2 M18 2A 
9 io A 11M] 7 12 A 
8 * os ih 9A 
1 i 8 
5 2M 4 3 
25 IIM 12 42 0 
1 8 Mürz 9A 
| 6M 
8... 49 5 0 6A 
1 3 Azo 3M 
it roM 11A OA 
30 8M 9 Alz 8 MM 
1 6Mj16 7 A 
8 2M 3 A6 4M 
26 11A o Al24 12 A 
16 8M 9 Alt4 10M 
23 34 4Mſ21 4A 
42 11 A o Alt1 1M 
5 „5 
1 10 Mz9 10 A 5 
M20 5 M 6 ACS YM 
3 3M 4A 
28 © 477 i Mi26 1A 
8Mit7 9 A6 1oMIigs irtA 
4 AG SM 4 6A 7M 
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Eofter Cycle 388. The Cycle of Eaſter, alſo called the Dionyſſar F 


_ deficient. 


Period, is a revolution of 5 32 years, found by mul. b 
tiplying the Solar Cycle 28 by the Lunar Cyce et 
19. If the New Moons did not anticipate upon 4: 
this Cycle, Eaſter-day would always be the Sundy Þ I 
next after the firſt Full Moon which follows the w 
21ſt of March. But on account of the above an. fc 
ticipation, & 422. to which no proper regard wa 
had before the late alteration of the Szile, the Ecck. ce 
ſiaſtic Eaſter has ſeveral times been a week differ. 1h 
ent from the true Eaſter within this laſt Century: m 
which inconvenience is now remedied by making o. 
the Table which uſed to find Eafter for ever, in as 
the Common Prayer Book, of no longer uſe tha c- 
23 Lunar difference from the New Stile will admit ſe 
Ols | | d: 
339. The earlieſt Eaſter poſſible is the 22d M 7 
March, the lateſt the 25th of April. Within the b 
limits are 35 days, and the number belonging u m 
each of them is called the Number of Dire#tion; 1 
becauſe thereby the time of Eaſter is found for am 1: 
given year. To find the Number of Direction, 2: 
according to the New Sſile, enter Table V. follow-Wﬀ {a 
ing this Chapter, with the compleat hundreds of v 
any given year at the top, and the years thereof 7: 
(if any) below a hundred at the left hand; and 9: 
where the columns meet is the Dominical Letter Je 
for the given year. Then enter Table I. wicht ſe 
the compleat hundreds of the ſame year at the lei C 
hand, and the years below a hundred at the top to 
and where the columns meet is the Golden Num- o. 
ber for the ſame year. Laſtly, enter Table II. wil th 
the Dominica! Letter at the left hand and Golde V 
Number at the top; and where the columns mee 85 
js the Number of Direction for that year; which C 
number, added to the 21ſt day of March, ſheviſ V 
on what day, either of March or April, Eaſter Sunday d 
falls in that year. Thus the Dominica] Leue ©: 
New Stile for the year 1757 is B (Table V.) an ©: 
the Golden Number is 10, (Table I.) by whic 7 


lh 
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3 in Table II. the Number of Direction is found to 


be 20; which, reckoning from the 21ſt of March, To find the 
ends on the 1oth of April, that is, Eaſter-Sun- vue Hofer. 
day, in the year 1757. N. B. There are always two 
Dominical Letters to the Leap-year, the firſt of 
which takes place to the 24th of February, the laſt 
for the following part of the year. 
390. The firſt ſeven Letters of the Alphabet are 
commonly placed in the annual Almanacks, to 

| ſhew on what days of the week the days of the 
months fall throughout the year. And becavſe 
one of thote ſeven Letters muſt neceſſarily ſtand Nominical 
againſt Sunday, it is printed in a capital form, and 1 
called the Dominical Letter: the other ſix being in- 
ſerted in ſmall characters, to denote the other ſix 

days of the week. Now, ſince a common Julian 

© Zear contains 365 Days, if this number be divided 

by 7 (the number of days in a week) there will re- 

main one day. If there had been no remainder, 

it is plain the year would conſtantly begin on the 
ſame day of the week. But fince 1 remains, it is 
as plain that the year muſt begin and end on the 


| {ame day of the week; and therefore the next year 


will begin on the day following. Hence, when 
January begins on Sunday, A is the Dominical or 
Sunday Letter for that year: then, becauſe the next 
hear begins on Monday, the Sunday will fall on the 
y ſeventh day, to which is annexed the ſeventh Letter 
E, which therefore will be the Dominical Letter 
for all that year: and as the third year will begin 


on Tue/day, the Sunday will fall on the ſixth day; 


therefore F will be the Sunday Letter for that year. 
Whence it is evident, that the Sunday Letters will 
go annually in a retrograde order thus, G, F, E, D, 
C, B, A. And in the courſe of ſeven years, if they 


vers all common ones, the ſame days of the week 


31! 


| and Deminical Letters would return to the ſame 


p ' x. 
cays of the months. But becauſe there are 365 


days in a Leap-year, if this number be divided by 
7 there will remain two days over and above the 


52 
4 
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x2 weeks of which the year conſiſts. And there. 
tore, it the Leap-year begins on Sunday, it will end 
on Monday; and the next year will begin on Tre. 
aay, the firſt Sunday whereof mult fall on the fixth 
of January, to which is annexcd the Letter , and 
not 6, as in common years. By this means, the 
Leap: -year returning every fourth year, the order 
of the Domirical Letters is interrupted ; and the 
ſeries cannot 1\turn to its firſt ſtate till after four 
times ſeven, or 28 years; and then the ſame days 
of the months return in order to the lame days of 
the week as before. 
To find the 39. To find the Dominical Letter for any year 
Late. ci ber before or after the Chriſtian Ara. In Table III. 
or IV. for O Stile, or V. for New Stile, look for 
the hundreds of years at the head of the Table, 
and for the years below a hundred (to make up 
the given year) ar the left hand; and where the 
columns meet, you have the Dominical Letter for 
the year deſired. Thus, ſuppole the Dominica 
Letter be required for the year of CHRIST 1758, 
Nero Stile, 1 look for 1700 at the head of Table V. 
and for 58 at the left hand of the ſame Table; and 
in the angle of meeting, find 4, which is the Do- 
minical Letter for that year. If it was wanting 
for the ſame year Old Stile, it would be found by 
Table IV. to be D. But fond the Dominical Letter 
for any given year before CuRISH, ſubtract one from 
that year, and then proceed in all reſpects as juſt 
now taught, to find it by Table III. Thus, ſuppoſe 
the Dominical Letter be required for the 505th 
yer before the firſt year of CHñRNIST, look for 509 
at the head of Table III. and for $4 at the left 
hand; in the meeting of theſe columns is FL, 
which were the Dominicel Letters for that year, 
and ſhews that it was a Leap-year ; becauſe Leap- 
year has always two Dominical Letters. 


ente 392. To jind the day of the month an ſibering to any 
es of the 
A1Jountls, 


day of the wa or the day of the week anſwering 10 
any day of the month, for any year paſt or to come. 
3 Having 
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Having found the Dominical Letter for the given 
pear, enter Table VI. with the Dominical Letter 
at the bead; and under it, all the days in that co- 
lumn are Sundays, in the diviſions of the months; 
W the next column to the right hand are Mondays; 
the next, Tre/:/2vs; and fo on to the lait column 
under G; from which go back to the column un- 
der 4, iid thence proceed roward the right hand 
Ws as beſore. Thus, in the year 1757, the Dominical 
Letter New Stile is B, in Table V; then in Table VI. 


all the days under B are Sundays in that year, viz. 


the zd, gth, 16th, 23d, and 3oth of January and 
0. Jober; ; the 6th, 13th, 20th, and 27th of February, 
8 March, and November : the 3d, tioth, and 17th of 
Abril and July, together with the 31ſt of July; and 
ſo on to the foot of the column. Then, of courſe, 
all the days under Care Mondays, namely, the 3d, 

8 10th, Sc. of January and October; and ſo of all 
che reſt in that column. If the day of the week an- 
vering to any day of the month be required, it is 
E eaſily had from the fame Table by the Letter that 
ſtands at the fop of the column in which the given 
E = of the month 1s found. Thus, the Letter that 
ſtands over the 28th of May is 4; and in the year 


ö 585 before CHRIST, the Dominical Letters were 
bound to be V, Þ 391; which being a Leap- 
b Pear, and E taking place from the 24 5h of Lebrunry 
n to the end of that year, ſhews by the Table that the 

0 [> <th of May was on a Sunday ; and therefore the 
0 a muſt have been on a //edneſday ; for when 
a land for Sunday, J muſt ſtand for AM, 1nday, G 
0 


nous Kcliphe of the Sun foretold by Traits, by 
MIriich a peace was brought about between the 
Medes and Lydians, happened on the 28th of May, 

„ the 385 th year before CHRIS, it tell on a Wed- 
day. 

393. From the multiplication of the Solar Cycle 


f 28 years into the Lunar Cycle of 19 years, = Period. 


e Roman Indiction of 15 years, ariſes the great 


for Tueſday, &c. Hence, as it is ſaid that the fa- 


>| LE. Julian 


Jul! 


An 
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Julian Period, conſiſting of 7980 years, which had 
its beginning 764 years before Strauchiuss ſuppoſed MM 
year of the Creation (for no later could all the three 
Cycles begin together), and it is not yet coſpleated: 
and therefore it includes all other Cycles, Periods, 
and ZEras. here is but one year in the whole 
Period that has the ſeme numbers for the three 
Cycles of which it is made up: and therefore, if 


__ 


E * e 


hiſtorians had remarked in their writings the Cycles 
of each year, there had been no diſp ute about che | 
time of any action recorded by them. 5 
3 394. The Dionyſſan or vulgar Ara of Curisr's WF 
Period: birth was about the end of the ycar of the Julian : 
Period 4713; and conſequently the firft year of MW | 
his age, according to that account, was he 47 14th WE 
year of the ſaid Period. Theretore, 150 10 the ur-: 
rent year of CHRIST we add 4713, eh b, R 
the year of the Julian Period. So the yoor 17 7 ME n 
will be found to be the 647th year of tha: ad. 
Or, to find the year of the Julian Period ans. WE 7 
to any given year before the firſt year of C 5 


ſubtract the number of that given year icon: 47 |, if 
and the remainder will be the year of the MP 


Period. Thus, the year 585 before tbe firi \ N 

of CurisT (which was the 584th before his! 2 

was the 4129th year of the ſaid Period. 14 „ 

to find the Cycles of the Sun, Moon, and lac, WE lc 

for any given year of this Period, Civide the gn? 

year by 28, 19, and 15; the three rememndc;s w..l i 15 

and the be the Cycles ſought, and the Quotients the 11s WM? 
{api bers of Cycles run ſince the begiuning of the | + 4 
riod. So in the above 4/ 14th year of the t, 

Period, the Cycle of the Sun was 10, the CY | >. 

the Moon 2, and-the Cycle of Indiétion 43 :. 

Solar Cycle having run through 105 cou:c : 6 

Lunar 248, and ihe Indidtion 314. "8k 

The trust 295» The vulgar Ara of ChRisr's birth ws 85 
F ſettled till the year 527, when Die: U-“ 
:(RIST'S | | Thy 
buch. guis, a Reman Abbot, fixed it tothe ende :. 
4713th year of the Fulan Period, which vis * 
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years too late. For our SAVIOUR was born before 
the death of Herod, who fought to kill him as ſoon 
as he heard of his birth. And according to the 
© teſtimony of Jaſephus (B. xvii. ch. 8.) there was an 
© Fclipſe of the Moon in the time of Herod's laſt ill- 
E neſs; which Eclipſe appears by our Aſtronomical 
Tables to have been in the year of the Julian Pe- 
E riod 4710, March 15th, at 3 hours paſt midnight, 
at Jeruſalem. Now as our SAvIouR mult have been 
born ſome months before Herod's death, ſince in 


| ; 2 r 
4 : ö 3 
J ed Is r : 
BE A Ee 


the interval he was carried into Egypt, the lateſt 


time in which we can fix the true Æra of his birth 
is about the end of the 45<gth year of the Julian 
Period. | | 

© There is a remarkable Prophecy delivered to us 
in the ninth chapter of the book of Daniel, which, 
from a certain Epoch, fixes the time of reſtoring the 
© ſtate of the Jerus, and of building the walls of 
© Jeruſalem, the coming of the Mxts$1an, his death, 
and the deſtruftion of Jeruſalem.— But ſome parts 
of this Prophecy (Ver. 25.) are ſo injudiciouſl 
pointed in our Eng liſh tranſlation of. the Bible, that, 
if they be read according to thoſe ſtops of point- 
ing, they are quite unintelligible.— But the learned 
Dr. Prideaux, by altering theſe ſtops, makes the 
ſenſe very plain: and as he ſeems to me to have 
| explained the whole of it better than any other au- 
W thor I have read on the ſubject, I ſhall ſet down 
the whole of the Prophecy according as he has 
pointed it, to ſhew in what manner he has divided 


= Y * * 
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it into four different parts. 
Ver. 24. Seventy weeks are determined upon thy 


Cv co —r, VS * 


/n, and to make an end of Sins, and to make recon- 
| cilintion for Iniguity, and to bring in everlajting Righ- 
tecaſusſe, and to ſeal up the Viſion, and the Prophecy, 
eto anoint the moſt holy. Ver. 25. Know therefore 
land under/tand, that from the going forth of the Com- 
N 2nd12n1t lo reſtore and build Jeruſalem unto the 
Messlal the Prince ſball be ſeven weeks and three- 

Cc 2 ſcore 


Pecple, and upon thy holy City, to finiſh the Tranſgreſ- | 
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ſeore and two weeks, the ſtreet ſhall be built again, an 


by Nehemiab: in which they met with great oppo- 
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the wall even in troublous times. Ver 26. And aſty 
3 ore and tac weeks ſhall MESssTAH be cut f 
b:1t not for himſelf, and the people of the Prince lia 
ball come, Hull deſtroy the City and Sanctuary, and ih 
oh therecf fhall be with a Flood, and unto the cut 
of the War deſolations are determined. Ver. 27. Au 
he ſhall confi; m the Covenant with many for one we: 
and in the midſt * of the week be ſhall cauſe the fac, 
fice and the oblation to ceaſe, and for the overſpre cadin 
of abominations he ſhall mae it deſolate even until il 
Conſummation, and that determined ſhall be Poisel 
mm the deſolate. 

This Commandment was given to Ezra by 4: 
taxeræes Longimanus, in the ſeventh year of thx 
King's reign (Ezra, ch. vii. ver. 11—26.) Ezra be. 
gan the work, which was afterwards accompliſkel 


fition and trouble from the Samaritans and other, 
during the firſt ſeven weeks, or 49 years. 

From this accompliſhment till the time when 
Cusisr's meſſenger, John the Baptiſt, began 1 
preach the Kingdom of the MEss1an, 62 "weeks 
or 434 years. 

From thence to the beginning of CARIST's pub 
lic miniſtry, half a week, or 31 years. 

And trom thence to the death of CHRIST, hai 
a week, or 3+ years; in which half week be 
preached, and confirmed the Covenant of the Goſpt 
with many. 

In all, from the going forth of the Command. 
ment till the Death of CHRIST, 70 weeks, or 49! 
years. 

And, laſtly, in a very 1 manner, the Pro- 
phecy ſoretels what fhould come to pals after ti: 
eXpiration of the ſeventy weeks ; namely, the D: 


 firuttion of the City and Senduary by the people 


the Priuce that was to come; wv hich were the Roma! 


* The Doctor ſacs. that this oucht to be rendered, the la. 
547 of. 75 WE! , not the 1m. 11/7, 
4 armich 
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p | armies, under the command of Titus their Prince, 
| who came upon eru/alem as a torrent, with their 
| idolatrous images, which were an abomination to the 
erus, and under which they marched againſt them, 
J raded their land, and befieged their holy City, 
and by a calamitous war brought ſuch utter de— 
ſtruction upon both, that the Jews have never been 
able to recover themſelves, even to this day. 
= Now, both by the undoubted Canon of Ptolemy, 
ond the famous ra of Nabonaſſer, the beginning 
of the ſeventh year of the reign of Artaxerxes Lon- | 
© gimanus, King of Perſia, (who is called Ahaſuerus in | 
3 the book of E/ther) 1s pinned down to the 4256th 
© year of the Julian Period, in which year he gave 
Ezra the above-mentioned ample Commiſſion: 
from which count 490 years to the death of 
8 Carrsr, and it will carry the ſame to the — | 
| year of the Julian Period. | 
| Our Saturday is the Jewiſh Sabbath: : and it is 
plain, from St. Mark, ch. xv. ver. 42. and St. Luke, 
ch. xxiii. ver. 54, that Cunlsr was crucified on a 
Friday, ſeeing the Crucifixion was on the day next 
before the Jewiſh Sabbath. —And according to St. 
7, ch. xviil. ver. 28. on the day that the Paſſover 
i * to be eaten, at leaſt by many of the Zeros. 
| The Jews reckoned their months by the Moon, 
and their years by the apparent revolution of the 
Sun: and they ate the Paſſover on the 14th day of 
| the month of Nan, which was the firſt month of 
their year, reckoning from the firſt appearance of 
the New Moon, which at that time of the year 
might be on the eyeniny of the day next after the 
change, if the ſky was clear. 80 that their 14th day 
| of the month anſwers to our fifteenth day of the 
Moon, on which ſhe is full —Conſequemly, the . 
Paſſover was always kept on the day of Full Moon. 
And the Full Moon at which it was kepr, was 
bat one which happened next after the Vernal 
Equinox.—PFor Joſephus expretsly ſays (4411. B. fil. 
bl. 10.) © The Paſſover was kept on the 14th day 
Cc. 3 « Of 
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cc of the mon h of Niſan, according to the Moon 
cc hen the Sun Was in Arzes.”— And the Sun al. 
ways cuters Aries at the inſtant of the Vernal Equi- 
nox; Which, in our Saviour 's time, fell on the 224 
da ay of March. 

The diſpute among Chronologers about the year 
of Cugisr's Death is limited to four or five vears 
at moli.—But, as we have thewn that he was cry. 
cified on the day of a Paſcal Full Moon, and on 
a Friday, all that we have to do, in order to aſcet. 
tau the year of his death, is only to compute in 
which ot thoſe years there was a Paſſover Ful 
Moon 61 a Friday.—For, the Full Moons antici- 
pate eleven days every year (12 Lunar Months 
beivg ſo. much ſhort of a Solar year), and therefore, 
once in every three years at leaſt, the Jews were 
obliged to ſet their Paſſover a whole month for- 
v arder than it fell by the courſe of the Moon, on 
the year next before, in order to keep it at the Full 
Mon uext after the Equinox; therefore there could 
not be two Paffo ers on the tame nominal day ot 
the week within the compzls of a few neighbouring 
years. And I find by calcutarios, the only Paſſover 
Full Moon that fell on a Friday, for ſeveral year 
before or after the diſputed year of the Crucifixi on, 
was on the zd day of April, in the 474th year d 
the Juliun Period, Which was the 4otb year after 
Ezra rv«cc:ived the above-mentioned Commiſſia 
from Artauerxes Longimanus, according to Ptoleny' 
Canon, and the year in which the MESSIAH. Was d 
be cut oll, according to the Prophecy, reckonin! 
from the going for ch of that Commiſlion or Com 

mandment: and this 490th ycar was the 33d hs 
of our DAVIOUR'S Age, reckoning from the vulgar 
Ara of lis birth; but the 37, reckoning {10 
the true Ara thereof. 

And, when we reflect on what the Jews told him 
ſome time before his death John, viii. 57.) 7% 
cc art not yet fifty yeays old,” we muit confels tb 
it ſhould leem much likelier to have been ſaid 5 
perlo 
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perſon near forty than to one but juſt turned of 
thirty» And we may eaſily ſuppoſe that St, Luke 
expreſſed himſelf only in round numbers, when he 
ſaid that Chriſt was baptized about the zoth year of 
his age, when he began his public miniſtry ; as our 
Saviour himſelf did, when he ſaid he ſhould lie 
three days and three nights in the grave 

The 4746th year of the Julian Period, which 
we have aſtronomically proved to be the year of 
the Crucifixion, was the 4th year of the 202d Olym- 
piad ; in which year, Phlegon, a heathen writer, 
tells us, there was the moſt extraordinary Eclipſe of the 
Sun that ever was ſeen, But I find by calculation, 
that there could be no total Eclipſe of the Sun at 
Feruſalem, in a natural way, in that year. So that 
what Phlegon here calls an Eclipſe of the Sun ſeems 
to have been the great darkneſs for three hours at 
the time of our SAviour's Crucifixon, as men- 
tioned by the Evangeliſts: a darkneſs altogether 
ſupernatural, as the Moon was then in the ſide of 
the Heavens oppolite to the Sun; and therefore 


could not poſſibly darken the Sun to any part of 
the Earth. . 


396. As there are certain fixed points in the 


Heavens from which Aſtronomers begin their com- 
putations, fo there are certain points of time from 
which hiſtorians begin to reckon ; and theſe points, 
or roots of time, are called Aras or Epoche. The 
moſt remarkable Aras are thoſe of the Creation, 
the Greek Olympiads, the building of Rome, the 
ira of Nabonaſſar, the Death of Alexander, the 
Birth of CuRISsT, the Arabian Heovira, and the Per- 


an Zeſdegird: all which, together with ſeveral. 


others of leſs note, have their Beginnings in the 


following Table fixed to the years of the Julian 


Period, to the Age of the World at thoſe times, 
and to the Years before and after the year of 
CaRisT's birth, 


Ce 4 | 4 Table 
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( 392 ) 
A Table of remarkable Aras and Events. 


| Julian Y.ofthe Befors 
. | Period. World. Chr itt. 
The Creation of the World — —} 706) eoſ4007 
The Deluge, or Noah's Flood — 423621656 2361 
The 4/yrian Monarchy founded by Nimrod —2537/18312176 
The Birth of Abraham — 2714/20 9801999 
The Leſtruction of Sodom and Corel — 23 1602 11901897 
The beginning of the Kingdom of Athens by Cecrops 3 157245115 56 
Moſes receives the Ten Commandments — —13222j2510|1491 
Ihe Entrance of the [/-azlites into Canaan — 8326225 5601481 
The Argongutic Expedition — 1342027141293 
The Deſtruction of T roy — — 83504027980 209 
The Beginning of King David's Reign — 2365029441063 
The Foundation of Solomon's Jemplie — —13701 2995[1012 
1 ycurgus ſorms his excellent Laws — 2332903103 351 
Arbaces, the firſt Ling of the Medes — 33838031320 875 
Maudaucus, the ſecond — — 238656159 848 
So/armus, the third — . ＋ | 3018 3200 798 
The beginning ot the O/ympiads — 393803232] 775 
Attice, the fourth King of the Medes — 239453239 708 
The Catonic:n Epocha ot the Building of Rome 3901032550 752 
The Ara of Nabonaſſar — — 39075261 746 
The Deliruction of damaria by Salmaneſer — 399213260] 721 
The firſt Eclipſe of the Moon on Record — 2399303287 729 
Cardicea, the fifth King of the Meges — 399632900 717 
Poraortes, the ſixth — — 405833521 O55 
Cares, the ſeventh — — 4003374“ 033 
The tr Þabylontſu Captivity by Nebuchadnezzar |4 10713401] 606 
The long. War ended between the Meaes and Indians 411134050 602 
The iccond 2 Dabylouiſo C -aptiv ity, and Birth of 1143408 599 
Ihe Deſtruction of Solomon's Temple — 241250341958 
Neeuchadiezzar {truck with Madneſs = 4144034380 569 
Dauicls Vilion of the four Monarchies — 4415803452 $55 
Cyr «s begins to reign in the Lerfun Empire —1417713471] 536 
i he Battle of Marathon — — —422 3517 490 
Lirtaxernxcs I. NgLeAνE Legins to reign — 1424903543 404 
Tn geg inning of Daniel! ſeventy Weeks of Yearsj4: 5035 500 457 
I hi En e of the elobonnefran War —1428213570] 431 
Al xanaer®s Victory at Arteia — — 24383077 339 
tis Death ” 5 439903684 323 
The Captivity of 1c0,000 Jews by King Ptolemy 4393368 // 320 
© Colofius of RH n down b Mig 
ns an denke wo . 9375 4 
Aitibc us de tenuted by Piolemm Philipater 2449613790 217 
(he fanious ARCHINMEDES murdered at Syracuſe ]45c0!3800| 207 
72 „ batciers the Inhabitants of Jeruſalem 48433837 170 
{2m hunderte and LANE by Contul Mummius +507 3d6i{ 146 
4 C. f mages Dien — — 2405959536 5 
"i corrects the Calendar — — — 467739611 45 
Is ned in tie ocnatusticuſe — 24571 3905 2 
48. Fiero: 
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A Table of remarkable Æras and Events. 


393 
Julian iY .ofthe, Before 
R benen. . orld., Chritt, 
48. Herod made King of Full = — 2407303907 40 
40. Anthony de feated at the Battle of Aium — 4083 3977] 30 
50. Agrippa builds the Pantheon at Rome — — 49:8 3982 26 
51. The true Ara of Curis7T's Birth = — 47e 40034 4 
52, The Death of Herod - — — 4710j4004] 3 
cri. 
63. The Dionyſian or vulgar ENA of CansT's Birth —4713]4007] © 
54. The true year of his Crucilixion — = 474614040] 33 
55. The Veſtruction of Ze-a/aiem — — 475 314277] 70 
50. Adrian bu\ds the Long Wall in Britain = "45 33/4227 120 
57. Conflantius de feats the Pits in Britain — — 50 9143 13] 306 
58. The Council of Nice — — 503804332 325 
59. The Death of Conflantine the Great — —$050{4344] 337 
60, The Saxons lnvited into Britain — 515804452 445 
61. The 4 ab.an Legira — is ws 33514629 62 > 
62. The Death of Muhommed the pretended Prophet [534314037] 630 
63. The Perfian Ye/degird — ER —5344 4638 631 
64. The Sun, Moon, and all the Planets in Libra, | 8 sls 

: Sept. 14, as ſeen from the Earth 5 x 93011 

65, The Art of Printing diſcovered — 6153052471440 
66, The Reformation begun by Martin Luther A 50 5524/1517 


In fixing the year of the Creation to the 706th Age of the 


year of the Julian Period, which was the 4067th 


year before the year of CurisT's Birth, I have fol- 


lowed Mr. Bedford in his Scripture 


D 


Chronology, 


printed A. D. 1730, and Mr. Kennedy, in a work 


of the ſame kind, printed A. D. 1762.—Mr, Bed- 
ford takes it only for granted that the World was 
created at the time of the Autumnal Equinox; 
| bur Mr. Kennedy affirms that the ſaid Equinox was 
| at the noon of the fourth day of the Creation- 
| week, and that the Moon was then 24 hours paſt 
| her Oppoſition to the Sun.—TIf Mo/cs had told us 
| the ſame things, we ſhould have had ſufficient data 
| tor fixing the Ara of the Creation: but, as he has 
been filent on theſe points, we muſt conſider the 
| bolt accounts of Chronologers as entirely hypothe- 
| Lical and uncertain. 
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A The OxRERT deſcribed, 


CHAP. XXII. 


4 Deſcription of the ARronomical Machinery ſerving 
to explain and illuſirate-the foregoing part of this 
Treatiſe. 


Frontingthe 397. HE Orreny. This Machine ſhews the 

EOS; >; Motions of the Sun, Mercury, Venus, 

Eur. Earth, and Moon; and occaſionally, the ſuperior 
Planets, Mars, Jupiter, and Saturn, may be put 
on ; Jupiter's four Satellites are moved round him 
in their proper times by a {mall Winch; and Sa- 
turn has his five Satellites, and his Ring, which 
keeps its Paralleliſm round the Sun; and by a 
Lamp put in the Sun's place, the Ring ſhews all 
the Phaſes deſcribed in the 204th Article. 

The sun. Tn the Center, No. 1. repreſents the Sun, ſup- 
ported by its Axis inclining almoſt 8 Degrees 
from the Axis of the Ecliptic ; and turning round 
in 254 days on its Axis, of which the North Pole 
inclines toward the 3th. Degree of Piſces in the 

The Eclip- great Ecliptic (No. 11.), whereon the months and 


le. Days are engraven over the Signs and Degrees in 


wich the Sun appears, as ſeen from the Earth, on 
the different days of the year. 

Mercury, The neareſt Planet (No. 2.) to the Sun is Mer- 
cury, which goes round him in 87 days 22 hours, 
or 8722 diurnal rotations of the Earth; but has 
no Motion round its Axis in the Machine, becaulz 
the time of its diurnal Motion in the Heavens is 
not known to us. 5 

Venus, The next Flanet in order is Venus (No. 3 ) Which 
perſorms her annual courſe in 224 days 17 hours; 
and turns round her Axis in 24 days 8 hours, or 

in 24. diurnal rotations of the Earth. Her Axis 
inclines 75 Degrees from the Axis of the Ecliptic, 
and her No: ih Pole inclines toward the z0th De: 


Oreo of Aquarius, according 0 the obſervations oi 
Bianchi 8 
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Bianchini. She ſhews all the Phenomena deſcribed 


from the goth to the 44th Article in Chap. T. 
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Next without the Orbit of Venus is the Earth, The artis 


(No. 4.) which turns round its Axis, to any fixed 
point at a great diſtance, in 23 hours 56 minutes 
© 4 ſeconds, of mean ſolar time (S 221, & ſeg.) but 
from the Sun to the Sun again in 24 hours of the 
ſame time. No. 6. is a ſydereal Dial-plate under 
the Earth; and No, 7. a ſolar Dial-plate on the 
cover of the Machine. The Index of the former 
E ſhews ſydereal, and of the latter, ſolar time; and 
E hence, the former Index gains one entire revolu- 
tion on the latter every year, as 365 ſolar or natu- 
ral days contain 366 ſydereal days, or apparent re- 
volutions of the Stars. In the time that the Earth 
makes 3654 diurnal rotations on its Axis, it goes 
once round the Sun in the Plane of the Ecliptic 
and always keeps oppoſite to a moving Index 
(No. 10.) which ſhews the Sun's apparent daily 
change of place, and alſo the days of the months. 


O 


The Earth is half covered with a black cap, for 


| dividing the apparently enlightened half next the 
| Sun from the other half, which when turned away 
from him is in the dark. The edge of the cap re- 
| preſents the Circle bounding Light and Darkneſs, and 
| ſhews at what time the Sun riſes and ſets to all 
| places throughout the year. The Earth's Axis in- 
clines 234 Degrees from the Axis of the Ecliptic, 
the North Pole inclines toward the beginning of 
| Cancer, and keeps its Paralleliſm throughout its 
| annual Courſe, & 48, 202 ; ſo that in Summer the 


northern parts of the Earth incline toward the 
Sun, and in Winter from him: by which means 
the different lengths of days and nights, and the 
cauſe of the various ſeaſons, are demonſtrated to 
light. | 

There is a broad Horizon, to the upper fide of 
which is fixed a Meridian ſemicircle in the North 
and South Points, graduated on both fides from 


tic Horizon to 90? in the Zenith, or vertical Point. 
D d The 
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The Moog. 


The Nodes. 


The OR ERV deſcribed. 


The edge of the Horizon is graduated from tt. e 
Eaſt and Weſt to the South and North Points, and 
within theſe Diviſions are the Points of the Com. 
paſs. From the lower ſide of this thin Horizon— 


plate ſtand out four ſmall Wires, to which is fixed 


a Twilight-circle, 18 Degrees from the graduated 
ſide of the Horizon all round. This Horizon 
may be put upon the Earth (when the cap is taken 
away) and rectified to the Latitude of any place: 
and then, by a ſmall Wire called the Solar Ray, 
which may be put on ſo as to proceed directly from 
the Sun's Center toward the Earth's, but to come 
no farther than almoſt to touch the Horizon. The 
beginning of Twilight, time of Sun-rifing, with 
his Amplitude, Meridian Altitude, Time of Set- 
ting, Amplitude then, and End of Twilight, are 
ſhewn for every day of the year, at that place to 
which the Horizon is rectified. 

The Moon (No. 5.) goes round the Earth, from 
between it and any fixed point at a great diſtance, 
in 27 days 7 hours 43 minutes, or through all the 
Signs and Degrees of her Orbit; which is called 
her Periodical Revolution; but ſhe goes round from 
the Sun to the Sun again, or from Change to 
Change, in 29 Days 12 hours 45 minutes, which 
is her Synodical Revolution ; and in that time ſhe ex- 
hibits all the Phaſes already deſcribed, & 255. 

When the above-mentioned Horizon is rectified 
to the Latitude of any given place, the Times of 
the Moon's riſing and fetting, together with her 
Amplitude, are ſhewn to that place as well as the 
Sun's; and all the various Phenomena of the Har- 
Mc y 273, & ſeq. are made obvious to 
ight 

The Moon's orbit (No. 9.) is eat to the 
Ecliptic (No. 11. ), one half being above, and the 
other below it. The Nodes, or Points at o and o, 
lie in the Plane of the Ecliptic, as deſcribed $ 317, 
318, and ſhift backward through all its Signs and 
Degrees in 18% Jears. The Degrees of the Moon's 

Latitade; 
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Latitude, to the higheſt at NL (North Latitude) 

and loweſt at 8 L (South Latitude), are engraven 

both ways from her Nodes at o and o; and, as the 

Moon riſes and falls in her Orbit according to its 

inclination, her Latitude and Diſtance from her 

Nodes are ſhewn for every day; having firſt recti- 

fied her Orbit ſo as to ſet the Nodes to their proper 

places in the Ecliptic; and then, as they come 

about at different, and almoſt oppoſite, times of the 

year, Y 319, and point twice toward the Sun, all 

the Eclipſes may be ſhewn for hundreds of years 

(without any new rectification) by turning the 

Machinery backward for time paſt, or forward for 

time to come. At 17 Degrees diſtance from each 

Node, on both ſides, is engraven a ſmall Sun; and 

at 12 Degrees diſtance, a ſmall Moon; which 

ſhew the limits of ſolar and lunar Eclipſes, $ 317: 

and when, at any change, the Moon falls between 

either of theſe Suns and the Node, the Sun will be 

eclipſed on the day pointed to by the Annual-In- 

dex (No. 10.) and as the Moon has then North or 

South Latitude, one may eaſily judge whether that 

Eclipſe will be viſible in the Northern or Southern 

Hemiſphere z eſpecially as the Earth's Axis in- 

clines toward the Sun or from him at that time. 

And when, at any Full, the Moon falls between 

either of the little Moons and Node, ſhe will be 

eclipſed, and the Annual-Index ſhews the day of 

that Eclipſe. There is a Circle of 294 equal parts 

(No. 8.) on the cover of the Machine, on which 

an Index ſhews the days of the Moon's age. 
A ſemi-ellipfis and ſemi- circle are fixed to an el- PLATE 

liptical ring, which being put like a cap upon the pig. x. 

Earth, and the forked part F upon the Moon, 

ſhews the Tides as the Earth turns round within 

them, and they are led round it by the Moon. 

When the different places come to the ſemi-ellipſis 

Aa Eb B, they have Tides of Flood; and when 

they come to the ſemicircle 5 D, they have 1 
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Another 
OR ERV. 


The ORRERyY deſcribed. 


of Ebb, & 304, 395; the Index on the Hour-Circ!, 
(No. 7.) ſhewing the times of theſe Phenomena, 

There 1s a jointed Wire, of which one end being 
put into a hole in the upright ſtem that holds the 
Earth's cap, and the Wire laid into a ſmall forked 
piece which may be occaſionally put upon Venus 
or Mercury, ſhews the direct and retrograde Mo- 
tions of theſe twe Planets, with their ſtationary 
Times and Places as ſeen from the Earth. 

The whole Machinery is turned by a winch or 
handle (No. 12.) and is ſo eaſily moved, that z 
clock might turn it without any danger of ſtopping, 

To give a Plate of the wheel-work of this Ma- 
chine would anſwer no purpoſe, becauſe many of 
the wheels lie fo behind others, as to hide them 


from fight in any view whatſoever. 


398. Another ORRERT. In this Machine, which 
is the ſimpleſt I ever ſaw, for ſhewing the diurnal 
and annual motions of the Earth, together with 
the motion of the Moon and her Nodes, A and 3B 
are two oblong ſquare plates held together by four 
upright pillars; of which three appear at J, g, and 


g 2. Under the Plate A is an endleſs ſcrew on the 


Axis of the handle 6, which works in a wheel fixed 
on the ſame Axis with the double-grooved wheel 
E ; and on the top of this Axis is fixed the toothed 
wheel i, which turns the pinion &, on the top of 
whole Axis is the pinion & 2 which turns another 
Pinion 5 2, and that turns a third, which being 
fixed on à 2, the Axis of the Earth U, turns it 
round, and the earth with it ; this laſt Axis inclines 
in an angle of 234 Degrees. The ſupporter A 2, 
in which the Axis of the Earth turns, is fixed to 
the moveable Plate C. | 

In the fixed Plate B, beyond H, is fixed the 
ſtrong wire q, on which hangs. the Sun 7, ſo as it 


may turn round the wire, To this Sun is fixed the 


wire or ſolar ray Z, which (as the Earth TU turns 


round its Axis) points to all the places that the 


Sun paſſes vertically over, cyery day of the year. 
The 
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The OrrERy deſcribed, 
| The Farth is half covered with a black cap a, as 


* in the former Orrery, for dividing the day from 
” the night; and, as the different places come out 
© from below the edge of the cap, or go in below 
© it, they ſhew the times of Sun-riſing and ſetting 
© every day of the year. This cap is fixed on the 
wire , which has a forked piece C turning round 
the wire 4: and, as the Earth goes round the Sun, 
it carries the Cap, Wire, and ſolar Ray round him; 
ſo that the ſolar Ray conſtantly points toward the 
- Earth's Center. 


On the Axis of the pinion & is the pinion m, 


which turns a wheel on the cock or ſupporter 7, 
and on the Axis of this wheel neareſt z is a pinion 
(hid from view) under the Plate C, which pinion 
turns a wheel that carries the Moon “ round the 
| Earth U; the Moon's Axis riſing and falling in 
the ſocket W, which is fixed to the triangular piece 
above Z; and this piece is fixed to the top of the 
Axis of the laſt-mentioned wheel. The ſocket W © 
is ſlit on the outermoſt fide; and in this ſlit the 
two pins near Z, fixed in the Moon's Axis, move 
up and down ; one of them being above the in- 
clined Plane ZA, and the other below it. By this 
| mechaniſm, the Moon Y moves round the Earth 
7 in the inclined Orbit 4, parallel to the Plane of 
the Ring YA; of which the Deſcending Node is 
at A, and the Aſcending Node oppolite to it, but 
hid by the ſupporter X 2. 


The ſmall wheel E turns the large wheels D and 


| F, of equal diameters, by cat · gut ſtrings croſſing 
i See them: and the Axes of theſe two wheels 
| are Cranked at G and H, above the Plate B. The 


upright ſtems of theſe cranks going through the 


| Plate C, carry it over and over the fixed Plate B, 
with a motion which carries the Earth U round the 
Sun 7, keeping the Earth's Axis always parallel 


to itſelf, or ſtill inclining toward the left hand of 


the Plate ; and ſhewing the viciflitudes of teaſons, 
as deſcribed in the tenth chapter. As the Earth 
D d 3 goes 
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round an Earth R in the Orbit 
Axis is ſtuck faſt into the Plate C at 8 2, ſo that 


The ORRER deſcribed. 


goes round the Sun, the pinion & goes round the 
wheel i, for the Axis of & never touches the fixed 
Plate B, but turns on a wire fixed into the Plate C 
On the top of the crank G is an Index L, which 
oes round the Circle n 2 in the time that the 
Earth goes round the Sun, and points to the days 
of the months ; which together with the names of 
the ſeaſons, are marked in this Circle. 

This Index has a ſmall grooved wheel L fixed 
upon it, round which, and the Plate Z, goes a cat- 
gut ſtring croſſing between them; and by this 
means the Moon's inclined Plane Y A, with its 
Nodes, is turned backward, for ſhewing the times 


and returns of Eclipſes, d 310, 320. 


The following parts of this machine muſt be 
conſidered as diſtin from thoſe already deſcrib- 
ed. 

Toward the right hand, let & be the Farth 
hung on the wire e, which is fixed into the Plate 
B; and let O be the Moon fixed on the Axis II, 
and turning round within the cap P, in which, and 
in the Plate C, the crooked wire 9 i is fixed. On 
the Axis M is allo fixed the Index K, which goes 
round a Circle h 2, divided into 294 equal parts, 
which are the days of the Moon's age : but to 
avoid confuſion in the ſcheme, it is only marked 
with the numeral figures 1 2 3 4, for the Quarters. 
As the crank H carries this Moon round the Earth 


S in the Orbit t, ſhe ſhews all her Phaſes by means 


of the cap P for the different days of her age, 
which are ſhewn by the Index K; this Index 
turning juſt as the Moon O does, demonſtrates her 
turning round her Axis, as ſhe ſtill keeps the ſame 
ſide toward the Earth 8, Q 262. 

At the other end of the Plare C, a Moon N goes 
But this Moon's 


neither Moon nor Axis can turn round ; and as 
this Moon goes round her Earth, ſhe ſhews herſelf 


all round to it; Which proves, that if the Moon 
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was ſeen all round from the Earth in a Lunation, 
ſhe could not turn round her Axis, 

N. B. If there were only the two wheels D and 
F, with a cat-gut ſtring over them, but not croſſing 
between them, the Axis of the Earth U would keep 
its Paralleliſm round the Sun 7, and ſhew all the 
ſeaſons; as I ſometimes make theſe Machines : 
and the Moon O would go round the Earth S, 
ſnewing her Phaſes as above; as likewiſe would 
the Moon IN round the Earth R; but then, neither 
could the diurnal motion of the Earth U on its 
Axis be ſhewn, nor the motion of the Moon Y 
round the Earth, 
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399. In the year 1746 I contrived a very ſimple The Can. 
Machine, and deſcribed its performance in a ſmall“ “““ 
Treatiſe upon the Phenomena of the Harveſt- 
Moon, publiſhed in the year 1747. I improved 
it ſoon after, by adding another wheel, and called 
it The Calculator. It may be eaſily made by any 
Gentleman who has a mechanical Genius. 

The great flat Ring ſupported by twelve pillars, PLATE 

| and on which the twelve Signs with their reſpective Fig. 1. 

Degrees are laid down, is the Ecliptic; nearly in 

the center of it is the Sun &, ſupported by the ſtrong 

| crooked Wire J; and from the Sun proceeds a 

Wire V, called the Solar Ray, pointing toward the 

| center of the Earth E, which is furniſhed with a 

| moveable Horizon U, together with a brazen Me- 

| Tidian, and Quadrant of Altitude, R is a ſmall 

| Ecliptic, whoſe Plane coincides with that of the 

great one, and has.the like Signs and Degrees 

marked upon it; and is ſupported by two Wires 

D and D, which are put into the Plate PP, but may 

be taken off at pleaſure. As the Earth goes round 

the Sun, the Signs of this ſmall Circle keep paral- 

lel to themſelves, and to thoſe of the great Eclip- 

tic. When it is taken off, and the ſolar Ray N 

drawn farther out, ſo as almoſt to touch the Hori- 

zon N, or the Quadrant of Altitude, the Horizon 
Dd 4 being 
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being rectified to any given Latitude, and the Earth 
turned round 1ts Axis by hand, the point of the 
Wire W ſhews the Sun's Declination i in paſſing over 
the graduated braſs Meridian, and his height at 
any given time upon the Quadrant of Altitude, to- 
gether with his Azimuth, or point of bearing upon 

the Horizon at that time; and likewiſe his Ampli- 
tude, and time of rifing and ſetting by the Hour. 
Index, for any day of the year that the Annual-Jn- 
dex U points to in the Circle of Months below the 
Sun. Mis a Solar-Index or Pointer ſupported by 
the wire L, which is fixed into the knob K: the uſe 


of this Index is to ſhew the Sun's place in the 


Ecliptic every day in the year; for it goes over the 
Signs and Degrees as the Index U goes over the 
Months and Days; or rather, as they paſs under 
the Index U, in moving the cover-plate with the 
Earth and its Furniture round the Sun ; for the 
Index U is ſixed tight on the immoveable Axis in 
the Centre of the Machine. K is a knob or handle 


for moving the Earth round the Sun, and the Moon 


round the Earth. 

As the Earth 1s carried round the Sun, its Axis 
conſtantly kreps the ſame oblique direction, or 
parallel to itſelf, & 48, 202, ſhewing thereby the 


different ler oths of days and nights at different 


times of the year, with all the various ſeaſons. 
And, in one annual revolution of the Earth, the 
Moon 41 goes 124+ times round it from Change to 
Change, having an occaſional proviſion for ſhew- 
ing her diftcrent Phaſes. The lower end of the 
Moon's Axis bears by a ſmall triction-wheel upon 
the inclined Plane 7, which cauſes the Moon to 


riſe above and fi:k below the Ecliptic R in every 
Lunation; crofling it in her Nodes, which ſhift 


back ward throy gh all the Signs and Degrees of the 
ſaid Ecliptic, by tne retrograde Motion of the 1n- 


clined Plane T, in 18 years and 225 days. On 
this Plane the Degrees and Parts of the Moon's 


North and South Latitude are laid down from both 


the 
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the Nodes, one of which, viz. the Deſcending 
Node, appears at o, by D above B; the other 
Node being hid from Sight on this Plane by the 
plate PP; and from both Nodes, at proper diſ. 
tances, as in the other Orrery, the limits of Eclip- 
ſes are marked, and all the ſolar and lunar Eclipſes 
are ſhewn in the ſame manner, for any given year 
within the limits of 6009, either before or after the 


Chriſtian Ara. On the plate that covers the whcel- 


work, under the Sun $S, and round the knob X, 
are Aſtronomical Tables, by which the Machine 
may be rectified to the beginning of any given year 
within theſe limits, in three or four minutes of time; 
and when once ſet right, may be turned backward 
for 300 years paſt, or forward for as many to come, 
without requiring any new rectification. There is 
a method for its adding up the 29th of February 
every fourth year, and allowing only 28 days to 
that month for every other three; but ail this be- 
ing performed by a particular manner of cuttin 

the teeth of the Wheels, and dividing the Month- 


Circle, too long and intricate to be deſcribed here, 


I ſhall only ſhew how theſe motions may be per- 
formed near enough for common uſe, by wheels 
with grooves and cat- gut ſtrings round them; only 
here | muſt put the Operator in mind, that the 
grooves are to be made iharp (not round) bottom- 
ed, to keep the ſtrings from ſlipping. 

The Moon's Axis moves up and down in the 
ſocket NM fixed into the bar O (which carries her 
round the Earth) as ſhe riſes above or ſinks below 


the Ecliptic ; and immediately below the inclined 


Plane J is a flat circular plate (between Y and 7) 
on which the different Eccentricities of the Moon's 
Orbit are laid down: and likewiſe her mean Ano— 
maly and elliptic Equation, by which her true 
Place may be very nearly found at any time. Be- 
low this Apogee- plate, which ſhews the Anomaly, 
&c. is a Circle 7 divided into 294 equal parts, 


which 
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which are the days of the Moon's age: and the 
forked end A of the Index A B (Fig. II.) may be 
put into the apogee-part of this plate; there be. 
ing juſt ſuch another index to put into the inclined 
Plane T at the Aſcending Node : and then the 
curved points B of theſe Indexes ſhew the direct 
Motion of the Apogee, and retrograde Motion of 
the Nodes through the Ecliptic R, with their 
Places in it at any given time. As the Moon 1M 


goes round the Earth E, ſhe ſhews her Place every 


day in the Ecliptic R, and the lower end of her 
Axis ſhews her Latitude and Diſtance from her 
Node on the inclined Plane 7, alſo her Diſtance 
from her Apogee and Perigee, together with her 
mean Anomaly, the then Eccentricity of her Or- 
bit, and her elliptic Equation, all on the Apogee- 
plate, and the Day of her Age in the Circle Y & 
291 equal parts; for every day of the year pointed 
out by the Annual Index U in the Circle of Months, 

Having rectified the Machine by the Tables for 
the beginning of any year, move the Earth and 
Moon forward by the Knob K, until the Annual 
Index comes to any given day of the month, then 
ſtop, and not only all the above Phenomena may 
be ſhewn for that day, but alſo, by turning the 
Earth round its Axis, the Declination, Azimuth, 
Amplitude, Altitude of the Moon at any hour, 


and the Times of her riſing and ſetting, are ſhewn 


by the Horizon, Quadrant of Altitude, and Hour- 
Index. And in moving the Earth round the Sun, 
the days of all the New and Full Moons and Eclip- 
ſes in any given year are ſhewn. The Phenomena 


of the Harveſt-Moon, and thoſe of the Tides, by 
ſuch a cap as that in Plate IX. Fig. 10. put upon 


the Earth and Moon, together with the ſolution of 
many problems not here related, are made con- 
ſpicuous. | 

Ihe eaſieſt, though not the beſt way, that I can 
inſtruct any mechanical perſon to make the wheel 


work 
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work of ſuch a machine, is as follows : which is 
the way that I made it, before I thought of num- 
bers exact enough to make it worth the trouble of 


cutting teeth in the wheels. 


411 


Fig. 3d of Plate VIII. is a ſection of this Ma- PLArx 


| chine ; in which ABCD is a frame of wood held to- 


appear at ACand B D. In the lower Plate CD 
of this frame are three ſmall friction-wheels, at 
| equal diſtances from each other; two of them ap- 
| pearing ate and e. As the frame is moved round, 
| theſe wheels run upon the fixed bottom Plate EE, 
E which ſupports the whole work. x 
| In the center of this laſt- mentioned Plate is fixed 
| the upright Axis GF F, and on the ſame Axis is 
| fixed the Wheel HHH, in which are four Grooves, 
I, A, I, L, of different diameters. In theſe Grooves 
| are cat-gut ſtrings going alſo round the ſeparate 
| Wheels M, NN, O and P. EO, | 
The Wheel M is fixed on a ſolid Spindle or Axis, 
the lower pivot of which turns at R in the under 
Plate of the moveable frame AB CD; and on the 
upper end of this Axis is fixed the Plate o o (which 
is PP, under the Earth, in Fig. 1.) and to this 
Plate is fixed, at an Angle of 231 Degrees incli- 
nation; the Dial-plate below the Earth 7; on the 
Axis of which, the Index q is turned round by the 
Earth. This Axis, together with the Wheel M, 
and Plate oo, keep their Paralleliſm in going round 
the Sun S. _ 
On the Axis of the Wheel M is a moveable 
ſocket, on which the ſmall Wheel N is fixed, and 
on the upper end of this ſocket is put on tight (but 
fo as it may be occaſionally turned by hand) the 
bar Z Z (viz. the bar O in Fig. 1.) which carries 
the Moon m round the Earth 7, by the ſocket u, 
fixed into the bar. As the Moon goes round the 
Earth, her Axis riſes and falls in the ſocket à; be- 
cauſe, on the lower end of her Axis, which is turned 
award, there is a ſmall friction Wheel s running 
on 


VIIL, 
| gether by four pillars at the corners; two of which 8 


III. 
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on the inclined Plane X (which is T in Fig. 1.) and 
ſo cauſes the Moon alternately to riſe above and 


ſink below the little Ecliptic “ (R in Fig. 1.) in 


_ every Lunation. 


On the ſocket or hollow axis of the Wheel N, 
there is another ſocket, on which the Wheel O i; 
fixed; and the Moon's inclined Plane X is put 
tightly on the upper end of this ſocket, not on a 
ſquare, but on a round, that it may be occaſionally 


| fer by hand without wrenching the Wheel or Axle, 


Laſtly, on the hollow Axis of the Wheel O is 
another ſocket, on which is fixed the Wheel P, and 
on the upper end of this ſocket is put on tightly 


the Apogee-plate Y (that immediately below T in 


Fig. 1.). All theſe Axles turn in the upper Plate 
of the moveable frame at ; which Plate is co- 
vered with the thin Plate ce (ſcrewed to it) where- 
on are the fore-mentioned Tables and Month-Cir- 
cle in Fig. 1 

The middle part of the thick fixed Wheel HHH 
is much broader than the reſt of it, and comes out 
between the Wheels M and O almoſt to the Wheel 


VNV. To adjuſt the diameters of the Grooves of this 


fixed Wheel to the Grooves of the ſeparate Wheels 
M. N, O and P, ſo as they may perform their mo. 
tions in the proper times, the following method 
muſt be obſerved. 

The Groove of the Wheel M, which keeps the 


Paralleliſm of the Earth's Axis, muſt be preciſely 


of the ſame Diameter as the lower Groove Jof the 
fixed Wheel HHH; but, when this Groove is fo 
well adjuſted as to ſhew, that in ever ſo many an- 


nual revolutions of the Earth, its Axis keeps its 


Paralleliſm, as may be obſerved by the ſolar Ray 
(Fig. 1.) always coming precifely to the ſame 
Degree of the ſmall Ecliptic R at the end of every 
annual revolution, when the Index A7 points to the 
like Degree in the great Ecliptic; then, with the 
edge of a thin File, give the Groove of the Wheel 
M a ſmall rub all round, and, by that means leſ- 

L ſening 
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ſening the Diameter of the Groove perhaps about 
the 2oth part of a hair's breadth, it will cauſe the 
Earth to ſhew the preceſſion of the Equinoxes ; 
which, in many annual revolations, will begin to 
be ſenſible, as the Earth's Axis deviates ſlowly from 
| its Paralleliſm, $ 246, toward che antecedent Signs 
ol the Ecliptic. Res 

| The Diameter of the Groove of the Wheel V, 
Which carries the Moon round the Earth, muſt be 
to the Diameter of the Groove X, as a Lunation is 
| to a year, that is, as 294 to 3654. 

| The Diameter of the Groove of the Wheel O, 
| which turns the inclined Plane X with the Moon's 
Nodes backward, muſt be to the Diameter of the 
| Groove &, as 20 to 1833. And, 

| Laſtly, the Diameter of the Groove of the Wheel 
| P, which carries the Moon's Apogee forward, muſt 
be ta the Diameter of the Groove L, as 70 to 62. 

| But, after all this nice adjuſtment of the Grooves 
| to the proportional times of their reſpective Wheels 
turning round, and which ſeems to promiſe very 


ſity of a farther adjuſtment by hand ; becauſe pro- 
per allowance mult be made for the Diameters of 
| the cat-gut ſtrings : and the Grooves muſt be fo 
adjuſted by hand, as, that in the time the Earth is 

| moved once round the Sun, the Moon muſt per- 
e IM form 12 ſynodical revolutions round the Earth, and 
be almoſt 11 days old in her 13th revolution. The 
e WW inclined Plane with its Nodes muſt go once round 
o I backward through all the Signs and Degrees of the 
- I imall Ecliptic in 18 annual revolutions of the Earth, 
and 225 days over. And the Apogee-plate mult 
go once round forward, ſo as its Index may go 
over all the Signs and Degrees of the ſmall Eclip- 


the Earth) and 312 days over. 

N. B. The ſtring which goes round the Grooves 
X and N for the Moon's Motion muſt croſs be- 
tween theſe wheels; but all the reſt of the ſtrings 


80 


well in Theory, there will ſtill be found a neceſ- 


tic in eight years (or ſo many annual revolutions of 
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go in their reſpective Grooves, IM, æ O, and L. P, 
without croſſing. 


The Cour- 400. The Co rTARIUNM. This curious Ma. 
TAz1UM. Chine ſhews the Motion of a Comet, or eccentric 
Body, moving round the Sun, deſcribing equal areas 
in equal times, & 152, and may be fo contrived as 
to ſhew ſuch a Motion for any Degree of Eccen- 
tricity, It was invented by the late Dr. DESsA. 
GULIERSs | 
PLATE The dark elliptical Groove round the letters 
3 cdefghbiklm is the Orbit of the Comet : this 
ig. IV. : . . E 
Comet is carried round in the Groove, according 
t order of letters, by the Wire fixed in the 
un 8, and ſlides on the Wire as it approaches 
nearer to or recedes farther from the Sun, being 
neareſt of all in the Perihelion a, and fartheſt in 
the Aphelion g. The areas aSb, 58 c, cS a, &, 
or contents of theſe ſeveral Triangles, are all equal: 
and in every turn of the Winch N the Comet 2 is 
carried over one of theſe areas: conſequently in as 
much time as it moves from F to g, or from g to h, 
it moves from m to a, or from à to b; and ſo of 
the reſt, being quickeſt of all at a, and ſloweſt at g. 
Thus, the Comet's velocity in its Orbit continually 
decreaſes from the Perihelion à to the Aphelion g; 
and increaſes in the ſame proportion from ꝗ to à. 
The elliptic Orbit is divided into 12 equal Parts 
or Signs, with their reſpective Degrees, and ſo is 
the Circle nopqgretn, which repreſents a great 
Circle in the Heavens, and to whick the Comet's 
motion is referred by a ſmall knob on the point of 
the Wire W. While the Comet moves from tog 
in its Orbit, it appears to move only about five 
degrees in this Circle, as is ſhewn by the ſmall knob 
on the end of the Wire V; but in the like time, 
as the Comet moves from m to a, or from à to 0, 
it appears to deſcribe the large ſpace t 72 or 1 0 in 
the Heavens, either of which ſpaces contains 120 


Axis 


Degrees, or four Signs, Were the Eccentriciij h. 


= 


The Courant deſcribed. 


of its Orbit greater, the greater ſtill would be the 
difference of its motion, and vice verſd. 
ABCDEFGHIKLMA is a circular Orbit for 
ſhewing the equal Motion of a Body round the 
Sun S, deſcribing equal Areas ASB, B S C, &c. in 
equal times with thoſe of the Body 7 in its elliptical 
Orbit above-mentioned ; but with this difference, 
that the circular motion deſcribes the equal Arcs 
| 4B, BC, &c. in the ſame equal times that the ellip- 
E tical Motion deſcribes the unequal Arcs a b, b c, &c. 
| Now, ſuppoſe the two Bodies and 1 to ſtart 
from the Points à and A at the fame moment of 
ume, and each having gone round its reſpective 
Orbit, to arrive at theſe Points again at the ſame 
| inſtant, the Body will be forwarder in its Orbit 
| than the Body 1 all the way from à to g, and from 
A to G; but 1 will be forwarder than Y through 
all the other half of the Orbit; and the difference 
is equal to the Equation of the Body in its Or- 
bit. At the points a, A, and g, G, that is, in the 


then the Equation vaniſhes. This ſhews why the 
| Equation of a body moving in an elliptic Orbit, is 
added to the mean or ſuppoſed circular Motion 
from the Perihelion to the Aphelion, and ſub- 
tracted from the Aphelion to the Perihelion, in 
Bodies moving round the Sun, or from the Peri- 
gee to the Apogee, and from the Apogee to the 


according to the Precepts in the 353d Article; 
only we are to conſider, that when Motion 1s 
turned into Time, it reverſes the titles in the 
Table of The Moon's elliptic Equation. 


the box containing the wheel- work) above which 
are the Wheels D and E; and below it the elliptic 
Plates FF and GG; each Plate being fixed on an 


iy Wheel E is fixed on the ſame Axis with the 1 75 


| Perihelion and Aphelion, they will be equal; and, 


Perigee in the Moon's Motion round the Earth, 


Axis in one of its Focuſes, at E and K; and the 
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This Motion is performed in the following man- pr.ars 


ner by the machine. ABC is a wooden bar (in Fig. V. 


V. 
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FF. Theſe Plates have Grooves round their edge; 


preciſely of equal diameters to one another, and in 
theſe Grooves is the cat-gut ſtring gg, gg croſſing 
between the Plates at h. On H (the Axis of the 


Handle or winch N in Fig. 4th), is an endleſs ſcrew 


in Fig. 5, working in the Wheels D and E, whoſe 
numbers of teeth being equal, and ſhould be equal 
to the number of lines a 8, b8, c8, &c. in Fig 4, 
they turn round their Axes in equal times to one 
another, and to the Motion of the elliptic Plates, 
For, the Wheels D and E having equal number; 


of teeth, the Plate FF, being fixed on the ſame 


Axis with the Wheel E, and the Plate FF turning 
the equally big Plate & G by a cut- gut ſtring round 
them both, they muſt all go round their Axes in 
as many turns of the handle N as either of the 
Wheels has teeth. 

It is eaſy to ſee, that the end 5 of the elliprical 
Plate F F being tarther from its Axis E than the 


oppoſite end i is, muſt deſcribe a Circle ſo much 


the larger in proportion; and mult therefore move 
through ſo much more ſpace in the ſame time ; and 
for that reaſon the end B moves ſo much faſter tha 


the end i, although it goes no ſooner round the 
Center E. But then, the quick - moving end þ of 


the Plate FF leads about the ſhort end h K of the 
Plate GG with the fame velocity; and the flow 
moving end i of the Plate F F coming half round, 
as to B, mult then lead the long end & of the Plate 
GG as ſlowly abour : So that the elliptical Plate 
Fi and its Axis E move uniformly and equally 
quick in every part of its revolution; but the 
elliptical Plate G G, together with its Axis K, mull 
move very e in different parts of its revo- 
lution: the difference being always inverſely as the 
diſtance of any points of the Circumference of GG 
from its Axis at R; or in other words, to in- 
ſtance in two points, if the diſtance K * be fou, 
five, or {ix times as great as the diſtance Kh, the 


Point Y will move in that poſition four, five, or lit 
times 
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times as faſt as the point & does: when the Plate 
GG has gone half round: and ſo on for any other 
Eccentricity or Difference of the Diſtances K and 
K h. The tooth ; on the Plate F F falls in between 

| the two teeth at & on the Plate GG, by which 

| means the revolution of the latter is ſo adjuſted to 
that of the former, that they can never vary from 
one another. 

ö On the top of the Axis of the equally moving 

| Wheel D, in Fig. 5th, is the Sun & in Fig 4th; 

| which gun, by the Wire Z fixed to it, carries the 
| Ball 1 round the Circle 48 CD, &c. with an equa- 
ble Motion, according to the order of the letters: 
and on the top of the Axis K of the unequally- 
| moving Ellipſis GG, in Fig. 5th, is the Sun & in 
| Fig. 4th, carrying the Ball 7 unequally round in 
| the elliptical Groove abc d, &c. N. B. This 
| elliptical Groove muſt be preciſely equal and ſimi- 
| lar to the verge of the Plate G G, which is alſo equal 
to that of FF. | 

In this mariner, Machines may be made to ſhew 
the true Motion of the Moon about the Earth, or 
of any Planet about-the Sun; by making the ellip- 
tical Plates of the ſame Eecentricities, in propor- 
tion to the Radius, as the Orbits of the Planets are, 
whoſe Motions they repreſent; and ſo, their dif- 
ferent Equations, in different parts of their Orbits, 
may be made plain to the ſight: and clearer ideas 
af theſe Motions and Equations will be acquired in 
half an hour, than could be gained from reading 
half a day about them. 


| 401. The InoveD CELESTIAL GLoBE. On The im- 
the North Pole of the Axis, above the Hour-Circle, Ora. (ove 
eis fixed an Arch MK H of 235 Degrees ; ; and at Orors. 
the end H is fixed an upright pin HG, which 
ſtands directly over the North Pole of the Ecliptic, 

and perpendicular to that part of the ſurface of the 
Globe. On this pin are two moveable Collets at rin 
D and , to which are fixed the quadrantal Wires Fig. II. 


5 | E 6 N and 
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N and O, having two little Balls on their ends for the 


Sun and Moon, as in the Figure. The Collet D is 


ized to the circular Plate F, on which the 294 days 


of the Moon's age are engraven, beginning juſt 
under the Sun's Wire N: and as this Wire is moved 
round the Globe, the Plate # turns round with it, 
Theſe Wires are eahily turned, it the ſcrew G be 

{lackened ; and when they are ſet to their proper 


Places, the ſcrew ſerves to fix them there; ſo that 


when the Globe is turned, the Wires with the Zun 
and Moon may go round with it; and thele two 
little Balls riſe and ſet at the ſame times, and on 
the ſame points of the Horizon, for the day to 
which they are 1cctified, as the Sun and Moon do 
in the Heavens. 

Becauſe the Moon keeps not her courſe in the 
Ecliptic (as the Sun appears to do), but has a De— 
clination of 55 degrees, on each fide, from it in 
every Lunation, & 317, her Ball may be ſcrewed 
as many Degrees to either fide of the Ecliptic as 
her Latitude, or Declination from the Ecliptic, 
amounts to, at any given time: and for this pur- 
pote S is a imail piece of paſteboard, of which the 


curved edge at & is to be ſet upon the Globe, at 


To rectiſy 
it. 


right Angles to the Ecliptic, and the dark line over 


S to ſtand upright upon it. From this line, on 


the convex edge, are drawn the 53 Degrees of the 
Moon's Latitude on both ſides of the Ecliptic; 
and when this piece is ſet upright on the Globe, 
its graduated edge reaches to the Moon on the 
Wire O, by which means ſhe is eaſily adjuſted to 
her Lachids found by an Ephemeris. 

The Horizon is fupported by two ſemicircular 
Arches, becauſe Pillars would ſtop the progreſs of 
the Balls, when they go below the Horizon in an 
oblique ſphere. 

To rectify this Globe. Flevate the Pole to the 
Latitude of the Place; then bring the Sun's place 
in the Ecliptic for the given day to the brals 
Meridian, and fet the Hour-Index to XII at * 
| that 
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chat is, to the upper XII on the Hour. Circle; 
keeping the Globe in that ſituation ; flacken the 
ſcrew G, and ſet the Sun dire&ly over his place on 
the Meridian; which being done, ſer the Moon's 
Wire under the number that expreſſes her age for 
that day on the Plate F, and ſhe will then ſtand 
over her place in the Ecliptic, and ſhew what Con- 
ſtellation ſhe is in. Laſtly, faſten the ſcrew G, 
and laying the curved edge of the paſteboard S over 
the Ecliptic, below the Moon, adjuſt the Moon to 
her Latitude over the graduated edge of the paſte- 
board; and the Globe will be rectified. 

Having thus rectified the Globe, turn it round, tt: uſe. 
and obſerve on what points of the Horizon the 
Sun and Moon Balls riſe and ſet, for theſe agree 
with the points of the Compaſs on which the Sun 
and Moon riſe and ſet in the Heavens on the given 

day: and the Hour- Index ſhews the times of their 
riſing and ſetting; and likewiſe the time of the 
Moon's paſſing over the Meridian. 

This ſimple Apparatus ſhews all the varieties 
that can happen in the riſing and ſetting of the 
Sun and Moon; and makes the forementioned 
Phenomena of the Harveſt. Moon (Chap. xvi.) 
plain to the eye. It is alſo very uſeful in reading 
Lectures on the Globes, becauſe a large company 
can fee this Sun and Moon go round, riſing above 
and ſetting below the Horizon at different times, 

according to the ſeaſons of the year; and making 
dheir appulſes to different fixed Stars. But in the 
vſual way, where there 1s only the places of the 
Sun and Moon in the Ecliptic to keep the eye 
upon, they are eaſily loſt fight of, unleſs they be 
coyered with patches. 


402. The PLAN ETARY GLoBES, In this Ma- The Pra- 
chine, J is a terreſtrial Globe fixed on its Axis 85“ 
ſtanding upright on the Pedeſtal C D E, on which PL. VIIL. 
is an Hour-Circle, having its Index fixed on the Fs. . 
Axis, which turns ſomewhat tightly in the Pedeſtal, 


Ee 2 e 


420 


The Planetary GTLOERH deſcribed, 
ſo that the Globe may not be liable to ſhake: to 


prevent which, the Pedeſtal is about two Inches 
thick, ard the Axis goes quite through 1 It, bearing 
on a ſhoulder. The Globe is hung in a graduated 
brazen Meridian, much in the uſual way; and the 
thin Plate N, NE, E is a moveable Horizon, gra- 
duated round the outer edge, for ſhewing the Bear 
8 80 and Amplitudes of the Sun, Moon, and Pla- 
nets. The brazen Meridian is grooved round the 
euter edge; and in this Groove is a ſlender femi- 
circle of braſs, the ends of which are fixed to the 
l in its North and South Points: this ſemi- 
circle {lides in the Groove as the Horizon is moved 
in rectifying it for different Latitudes. To the 
middle of the ſemi- circle is fixed a Pin, which al- 
ways keeps in the Zenith of the Horizon, and on 

this Pin, the Quadrant of Altitude q turns; the 


lower end of which, in all poſitions, touches the 


Fiorizon as it is moved round the ſame. This 
Quadrant is divided into go Degrees from the Ho- 
rizon to the Zevithal Pin on which it is turned, at 
go, The great flat Circle or Plate AB is the Eclip- 
tic, on the outer edge of which the Signs and De- 
grees are laid down; and* every fiſth Degree is 
drawn through the reſt of the ſurface of this.Plate 
towards Its "Center. On this Plate are ſeven 
Grooves, to which ſeven little Balls are adjuſted by 
fAiding Wires, fo that they are eaſily moved in the 
Grooves, without dayger of ſtarting out of them. 
The Ball next the/terreftrial Globe is the Moon, 
the next Without it is Mercury, the next Venus, 
the next the Sun, then Mars, then Jupiter, and 
laſtly Saturn; and in order to know them, they 


are ſeparately ſtampt with the following Characters; 


©, $, 2, ©, 6, N, h. This Plate or Ecliptic is 
ſupported by tour {ſtrong Wires, having their lower 
ends fixed into the Pedeſtal, at C, D, and E, the 
fourth being hid by the Globe. The Ecliptic 13 
inclined 234 Degrees to the Pedeſtal, and is there- 
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fore properly inclined to the Axis of the Globe 
which ſtands upright on the Pedeſtal. 

To rectiſ this Machine. Set the Sun, and all the 
planetary Balls, ro their geocentric places in the 
Ecliptic for any given time, by an Ephemeris; 
then ſet the North Point of the Horizon to the 
Latitude of your place on the brazen Meridian, 
and the Quadrant of Altitude to the South Point 
of the Horizon; which done, turn the Globe with 
its Furniture till the Quadrant of Altitude comes 
right againſt the Sun, viz. to his place in the Eclip- 
tic; and keeping it there, ſer the Hour-Index to 
the XII next the letter C; and the Machine will 
be rectified, not only for the following Problems, 
but for fereral others, which the Artiſt may eaſily 
find out. 


PROBLEM I. 


2% find the Amplitudes, Meridian Allitades, and 
times of riſing, culminating, and ſetting, of the 
Sun, Moon, and Planets, 
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"am the Globe round eaſtward, or according ks uſe. 


to the order of the Signs; and when the eaſtern 
edge of the Horizon comes right againſt the Sun, 
Moon, or any Planet, the Hour-Index will ſhew 
the time of its riling; and the inner edge of the 
Ecliptic will cutits rifing Amplitude in the Horizon, 
Turn on, and when the Quadrant of Altitude comes 
right againſt the Sun, Moon, or any Planet, the 
Ecliptic will cut their. Meridian Altitudes on the 
Quadrant, and the Hour-Index will ſhew the times 
ot their coming to the Meridian. Continue turning, 
and when the weſtern edge of the Horizon comes right 
againſt the Sun, Moon, or any Planet, their ſet— 
ing Amplitudes will be cut on the Horizon by the 
cliptic; and the times of their ſetting wiil be 


mewn by the Index on the Hour-Circle. * 
KEY P R O- 
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PROBLEM I. 


To find the Altitude and Azimuth of the Sun, Moon, 
and Plancts, at any time of their being above the 
Horizon, 


Turn the Globe till the Index comes to the 
given time in the Hour-Circle; then keep the 
Globe ſteady, and moving the Quadrant of Alti— 
tude to each Planet reipectively, che edge of the 
Ecliptic will cut the Planet's mean Altitude on the 
Quadrant, and the Quadrant will cut the Planet's 
Azimuth, or Point of bearing on the Horizon. 


PROBLEM III. 


The Sun's Altitude being given at any time either be- 
fore or after Noon, to find the Hour of the Day, 
and the Variation of the Compaſs, in any knows 
Latitude. 


With one hand hold the edge of the Quadrant 
right againſt the Sun; and, with the other hand, 
turn the Globe weſtward, if it be in the ende 
or eaſtward if it be in the afternoon, until the 
Sun's place at the inner edge of the Ecliptic cuts 


the Quadrant in the Sun's obſerved Altitude; and 


then the Hour-Index will point out the time of 
the day, and the Quadrant will cut the true Azi- 
muth, cr Bearing of the Sun for thar time: the 
difference between which, and the Bearing ſhewn 
by the Azimuth Compaſs, is the Variation of 
the TR Sg in that place of the Earth. 


403. The TRAJECTORIUM LuxNARE. This Ma- 
chine is for delineating the Paths of the Earth and 
Moon, ſhewiny what ſort of Curves they make in 


the ethereal regions; and was juſt mentioned 0 
the 
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the 266th Article. & is the Sun, and E the Earth, PLATE 
whoſe Centers are 81 Inches diſtant from each pig. 5 | 
other; every Inch anſwering to a Million of Miles, 

$ 47. Mis the Moon, whole Center is re parts 

of an Inch from the Earth's in this Machine, this 

being in juſt proportion to the Moon's diſtance 

from the Earth, $ 52. AA is a Bar of Wood, to 

be moved by hand round the Axis g, which is fixed 

in the Wheel 7. The Circumterence of this 

Wheel is to the Circumference of the ſmall Wheel 

L (below the other end of the Bar) as 3654 days 

is to 291; or as a Year is to a Lunation. The 

Wheels are grooved round their edges, avd in the 

Grooves is the cat-gut ſtring G G croſſing between 

the Wheels at X. On the Axis of the Wheel L 

is the Index T; in which is fixed the Moon's Axis 

M for carrying her round the Earth E (fixed on 

the Axis of the Wheel L) in the time that the in- 

dex goes round a Circle of 294 equal parts, which 

are the Days of the Moon's age. The Wheel 7” 

has the Months and Days of the year all round its 

Limb; and in the Bar AA is hxed the Index IJ, 

which points out the Days of the Months auſwer— 

ing to the Days of the Moon's age, ſhewn by the 

Index F, in the Circle of 294 equal parts at the 

other end of the Bar. On the Axis of the Wheel 

L is put the piece D, below the Cock C, in which 

this Axis turns round; and in D are put the Pen- 

cils e and m, directly under the Earth E and Moon 
N; ſo that mz is carried round e, as Mis round E. 

Lay the Machine on an even Floor, preſling gently 115 Uſe, 

on the Wheel Z, to cauſe its ſpiked feet (of which 

two appear at P and P, the third being ſuppoſed 
138 be hid from fight by the Wheel) to enter a little | | 
into the Floor, to ſecure the Wheel from turning. | 

Then lay a paper about four feet Jong under the 

Pencils e and m, croſs-wiſe to the Bar: which done, 

move the Bar ſlowly round the Axis g of the \V heel 

Y; and, as the Earth E goes round the Sun &, the 
Moon M will go round the Earth with a duly pro- 
Ee 4 portioned 
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portioned velocity; and the friction Wheel W run. 
ning on the Floor, will keep the Bar from bearing 
too heavily on the Pencils e and m, which will de- 
lineate the Paths of the Earth and Moon, as in 
ig. 2d. already deſcribed at large, § 266, 267, 
As the Index I points out the Days of the Months, 
the Index F ſhews the Moon's age on theſe Days, 
in the Circle of 294 equal parts. 
points to the different days in its Circle, 
the like numeral] Figures may be ſet to thoſe parts 
of the curves of the Earth's path and Moons, 
where the Pencils e and m2 are at thoſe times re- 
ſpectively, to ſhew the Places of the Earth and 
If tae Pencil e be puſhed a very little off, 
as if "IE the Pencil m, to about + part of theip 
diſtance, and rhe Pencil #z puſhed as much toward 
e to bring. them to the ſame diſtance again, though 
not to the ſame points of ſpace; then, 
round e, e will go as it were round the Center of 
Gravity between the Earth e and Mocn m, 
but this motion will not ſenſibly alter rhe Figure 
of the Earth's Path or the Moon's. 
If a Pin, asp, be put through the Pencil , with 
its head toward that of the Pin ꝙ in the Pencil e, 
the head of the former will always keep to the head 
of the latter as goes round e, and ſhews that the 
ſame ſide of the Moon is continually turned to the 
But the Pin p, which may be confidered as 
AN equatorial Diameter of the Moon, will turn quite 
round the point m, making all poſſible Angles with 
the Line of its Progreſs, or Line of the. Moon's 
This is an ocular proof of the Moon's 
turning round her Axis. —— 
The Tivz- 404. The TIpE-DiAl. 
this Machine confiſt of, 1. An eight: ſided Box, on 
the top of which at the corners is ſhewn the Phaſes 
of the Moon at the Octante, 


And as this la 


as N ges 


d 298: 


The outſide parts of 


Quarters, and Full. 


Within thele is a Circle of 295 equal parts, which 
are the days of the Moon's age accounted from the 


Sun at New Noon, round to he Sun again. W ithin, 
this 
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this Circle is one of 24 hours divided into their re- 
ſpective Halves and Quarters. 2. A moving el- 
Jiptical Plate, painted blue, to repreſent the riſing 
of the Tides under and oppoſite to the Moon; 
and has the words, High Water, Tide falling, Low 
Water, Tide rift ing, marked upon it. To one end 
of this Plate is fixed the Moon M by the Wire , 
and goes along with it. 3. Above this elliptical 
Plate is a round one, with the points of, the Com- 

aſs upon it, and alſo the names of above 200 places 
in the large Machine (but only 32 in the Figure, 
to avoid confuſion) ſet over thoſe Points on which 


the Moon bears when ſhe raiſes the Tides to the 
greateſt heights at theſe Places twice in every lunar 


day: and to the North and South Points of this 
Plate are fixed two indexes, Iand K, which ſhew the 
times of High Water, in the Hour-Circle, at all 
theſe places. 4. Below the elliprical Plate are four 
ſmall Plates, two of which project out from below 
its ends at New and Full Moon; and ſo, by length- 
ening the Ellipſe, ſhew the Spring Tides, which 


are then raiſed to the greateſt heights by the united, 
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attractions of the Sun and Moon, § 302. The i um 


other two of theſe ſmall Plates appear at low water 
when the Moon is in her Quadratures, or at the 


ſides of the elliptical Plate, to ſhew the Neap-Tides; 


the Sun and Moon then acting croſs-wiſe to each 
other. When any two of theſe : ſmall Plates appear, 
the other two are hid; and when the Moon is in 
her Octants, they all diſappear, there being neither 
Spring nor Neap-Tides at thoſe times. Within 
the Box are a few Wheels for performing theſe 
Motions by the Handle or Winch H. 

Turn the Handle until the Moon M comes to 


any given day of her age in the Circle of 294 equal 


parts, and the Moon's Wire J, will cut the time 
of her coming to the Meridian on that day, in the 
Hour Circle; the XII under the Sun being Mid- 
day, and the oppoſite XII Midnight; then looking 

for the name of any given place on the round Plate 
n 


| 
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Fig. VIII. 
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(which makes 294 rotations while the Moon M 
makes only one revolution from the Sun to the 
Sun again) turn the Handle till „Hat place comes 
to the word High Water under the Moon, and the 
Index which falls among the Forenoon Hours will 
ſhew the time of High Water at that place in the 
Forenoon of the given day: then turn the Plate 
half round, till the ſame place comes to the oppo: 
fite High Water Mark, and the Index will ſhew 
the time of High Water in the Afternoon at that 
place. And thus, as all the different places come 
ſucceſhvely under and oppoſite to the Moon, the 
Indexes ſhew the times of High Water at them in 
both parts of the day: and when the ſame places 
come to the Low Water Marks, the Indexes ſhew 
the times of Low Water. For about three days 
before and after the times of New and Full Moon, 
the two ſmall Plates come out a little way from 
below the High Water Marks on the elliptical 
Plate, to ſhew that the Tides riſe ſtill higher about 
theſe times: and about the Quarters, the other two 
Plates come out a little from under the Low 
Water Marks toward the Sun and on the oppoſite 
ſide, ſnewing that the Tides of Flood riſe not then 
ſo high, nor do the Tides of Ebb fall ſo low, as at 
other times. 

By pulling the Handle a little way outward, it 
is diſengaged from the Wheel-work, and then the 


upper Plate may be turned round quickly by hand, 


ſo as the Moon may be brought to any given day 
of her age in about a quarter of a minute: and by 


puſhing in the Handle, it takes hold of the Wheel: 


work again. 


On AB, the Axis of the Handle H, is an endle's 
Screw C, which turns the W heel FED of 24 teeth 
round in 24 revolutions of the Handle: this Wheel 
turns another, ONG, of 48 teeth, and on its Axis 
is the Pinion PY of four leaves, which turns the 
Wheel LKI of 59 teeth round in 292 turnings 0 
rotations of the "Wheel FED, or in 798. revolu 

tions 


— — —— 


I 
i 
1 It 


Plate XIII. 


H 


. eee biene, fed 


— — — — 


— 


8 J. Ann. 


: (rl , 


The DiAI-PLATE deſcribed. 


ions of the Handle, which is the number of Hours 
n a ſynodical revolution of the Moon. The round 
Plate with the names of Places upon it is fixed on 


the Axis of the Wheel FE D; and the Elliptical 
lor Tide-Plate with the Moon fixed to it is upon 


the Axis of the Wheel J. X I; conſequently, the. 


former makes 294 revolutions in the time that the 
Yatter makes one. The whole Wheel FED, 
with the endleſs Screw C, and dotted part of the 


Axis of the Handle A B, together with the dotted 


part of the Wheel ON G, lie hid below the large 


heel J. X I. 


Jon two Pins, ag u n, fixed in the Elliptical Plate. 


FART 


n the four ſmall Plates are fixed four Pins, at 
, A, J, and ; all of which work in an Elliptic 
| Proove 9000 on the cover of the Box below the 
Elliptical Plate; the longeſt Axis of this Groove 
being in a right line with the Sun and Full Moon, 
EConſequently, when the Moon is in Conjunction 
or Oppoſition, the Pins T and X thruſt out the 
Plates ABCD and IRLM a. little beyond the 
ends of the Elliptical Plate at 4 and 6, to f and ez 


| | 


while the Pins 7” and Z draw in the Plates EFGH. 
and NO quite under the Elliptic Plate to g and 
5. But, when the Moon comes to her firſt or 


[third Quarter, the Elliptic Plate lies acroſs the fixed 
Elliptic Grooye in which the Pins work; and there- 


fore the end Plates ABCD and IKLM are drawn 
Lin below the great Plate, and the other two Plates 
EFG Hand NOPZL are thruſt out beyond it to 
4 ande. When the Moon is in her Octants, the 
Pins“, A, 7, Z are in the parts o, o, o, o of the 

IN lliptic Groove, which parts are at a mean between 

the greateſt and leaſt diſtances from the Center 9, 
and then all the four ſmall Plates diſappear, being 
lid by the great one. 


405. The 


Fig. IXth repreſents the under ſide of the Ellip- 
ical or Tide-Plate abcd, with the four ſmall Plates 
MBCD, EFGH, IKLM, NOPS upon it: each 
Bot which has two flirts, as TT, SS, RR, U, fliding 
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405. The EcLirsarREoNn. This piece of Me. 
chaniſm exhibits the Time, Quantity, Duration, 
and Progreſs of ſolar Eclipſes, at all parts of the 
Earth. | 

The principal parts of this Machine are, 1. 4 
terreſtrial Globe A turned round its Axis Þ by the 


Handle or Winch M; the Axis B inclines 24! 


Degrees, and has an Index which goes round the 
Hour-Circle O in each rotation of the Globe. 2, 
A circular Plate E, on the Limb of which the 
Months and Days of the year are inſerted. This 
Plate ſupports the Globe, and gives its Axis the 
ſame poſition to the Sun, or to a Candle properly 
placed, that the Earth's Axis has to the Sun upon 
any day of the year, § 338, by turning the Piate 
till the given Day of the Month comes to the fixed 
Pointer, or Annual Index G. 3. A crooked Wire 
F, which points toward the middle of the Earth's 
enlightened Diſc at all times, and ſhews to what 
place of the Earth the Sun 1s vertical at any given 
time. 4. A Penumbra, or thin circular Plate of 
braſs I divided into 12 Digits by 12 concentric 
Circles, which repreſent a Section of the Moon's 
Penumbra, and is proportioned to the ſize of the 
Globe; ſo that the ſhadow of this Plate, formed 
by the Sun, or a Candle placed at a convenient dil- 
tance, With its Rays tranſmitted through a convex 
Lens to make them fall parallel on the Globe, 
covers exactly all thoſe places upon it that the 
Moon's Shadow and Penumbra do on the Earth: 
ſo that the Phenomena of any ſolar Eclipſe may be 
ſhewn by this Machine with Candle: light almoſt as 
well as by the light of the Sun. 5. An upright 
frame HHHH, on the fides of which are Scales 


of the Moon's Latitude or Declination from the 


Ecliptic. To theſe Scales are fitted two Sliders & 


and K, with Indexes for adjuſting the Penumbra's 
Center to the Moon's Latitude, as it is North or 


Sourh Aſcending or Deſcending. 6. A iolar * 
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the Globe from that which is in the dark at any 
given time, and ſhewing at what places the general 
Felipſe begins and ends with the riſing or ſetting 
Sun. 7. A handle M, which turns the Globe 
round its Axis by wheel-work, and at the ſame time 
moves the Penumbra acroſs the frame by threads 
over the Pulleys L, L, L, with a velocity duly pro- 
portioned to that ot the Moon's ſhadow over the 
Earth, as the Farth turns on its Axis. And as 
the Moon's Motion is quicker or flower, according 
to her different diſtances from the Earth, the pe- 
numbral Motion is eaſily regulated in the Machine 
by changing one of the Pulleys. 

To refify the Machine for uſe. The true time of ro reaity 
New Moon and her Latitude being known by the": 
foregoing Precepts, 8 353 35 et. eq. if her Latitude 
exceeds the number of minutes or diviſions on the 
Scales (which are on the ſide of the frame hid from 
view in the Figure of the Machine) there can be 
no Eclipſe of the Sun at that Conjunction; but if 
it does not, the Sun will be eclipſed to ſome places 
of the Earth; and, to thew the times and various 
appearances of the Eclipſe at thoſe places, proceed 
in order as follows. 

To rectiſy the Machine for performing by the Light 

f the Sun. 1. Move the Sliders H K till their In- 

exes Point to the Moon's Latitude on the Scales. 

it is North or South Aſcending or Deſcending, 

that time. 2. Turn the Month-Plate E till the 

lay of the given New Moon comes to the Annual- 

ndex G. 3. Unſcrew the Collar Na little on the » 

axis of the Handle, to looſen the contiguous ſocket 

n which the threads that move the Penumbra are 

round and ſet the Penumbra by Hand till its 

enter comes to the perpendicular thread in the 

iddle of the frame; which thread repreſents the 

xis of the Ecliptic. 4. Turn the Handle till the | 

leridian of London on the Globe comes juſt under | 

ie point of the crooked Wire F; then ſtop, and | 

ra the Hour Circle D by Hand till XII at Noon 
comes 
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{ firſt touches the Globe at the ſolar Horizon: thoſe 
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comes to its Index, and ſet the Penumbra's mide! ends: 
to the thread. 5. Turn the handle till the Hour. turnii 


Index points to the time of New Moon in the Circle MW Peru! 
D; and holding it there, ſcrew faſt the Collar N. Glob 


Laſtly, elevate the Machine till the Sun ſhineg When 


through the Sight-Holes in the ſmall upright Plates I place 
O, O on the Pedeſtal; ; and the whole * achine Mwhen 
will be rectified. any p 
To rectify the Machine for ſhewing by Candle-light, Mplace 
Proceed in every reſpect as above, except in that I bra I 
part of the laſt paragraph where the Sun is men- times 
tioned 3 inſtead of which place a Candle before the Mand fr 
Machine, about four yards from it, ſo as the ſhadow Wot the 
of interſection of the croſs threads in the middle bers o 
of the frame may fall preciſely on that part of the I. W 
Globe to which the crooked wire F points: then, Ithe G 
with a pair of compaſſes, take the diſtance be. Ice th 
tween the Penumbra's Center and interſection of molt e 
the threads; and equal to that diſtance ſet the Can- NCentei 
dle higher or lower, as the Penumbra's Center is Iſet cer 
above or below the ſaid interſection. Laſtly, place 
a large convex Lens between the Machine and 
Candle, ſo as the Candle may be in the Focus of 
the Lens, and then the Rays will fall parallel, and 
cait a ſtrong light on the Globe. 
Theſe things being done (and they may be done 
ſooner than they can be expreſſed) turn the Handle 
backward, until the Penumbra almoſt touches the fide 
HF of the frame; then turning gradually forward, 
obſer ve the following Phenomena. 1. Where the 
eaſtern edge of the thadow of the Penumbral Plate 


turned 


the poi 
Circle 
Index ; 
rhen t 
who inhabit the correſponding part of the Earth ſeefſÞe Ho 
the :.cliple begin on the uppermoſt edge of the Sun ſme ol 
juſt at the tine of its riſing. 2. In that place where Place I: 
the Penumbra's Center firſt touches the Globe, theſſ* the 
inhabitants have the Sun rifing upon them centrallyſ the eve 
eclipſed. 2. When the whole Penumbra juſt falls go! 


upon the Globe, its weſtern edge at the ſolar Hog 4s tc 
rizon touches and leaves the place here the Eclipſe 
| ends 
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ends at Sun-riſe on the lowermoſt edge. Continue 
turning; and 4. the croſs lines in the Center of the 
Penumbra will go over all . thoſe places on the 
Globe where the Sun is centrally eclipſed. 5. 
When the eaſtern edge of the ſhadow touches any 
place of the Globe, the Eclipſe begins there; 


when the vertical line in the Penumbra comes to 
any place, then is the greateſt obſcuration at that 


place; and when the weſtern edge of the Penum- 
bra leaves the place, the eclipſe ends there; the 
times of all which are ſhewn on the Hour- Circle; 
and from the beginning to the end, the Shadows 
of the concentric penumbral Circles ſhew the num- 
bers of Digits eclipſed at all the intermediate times. 
6, When the eaſtern edge of the Penumbra leaves 
the Globe at the ſolar Horizon C, the inhabitants 
ſee the Sun beginning to be eclipſed on his lower- 
moſt edge at its ſetting. 7. Where the Penumbra's 
Center leaves the Globe, the inhabitants ſee the Sun 
ſet centrally eclipſed. And laſtly, where the Pe- 
numbra is wholly departing from the Globe, the 


moſt part of the Sun's edge, at the time of its dif- 
appearing in the Horizon. 


N. B. If any given day of the year on the Plate 
E be ſet to the Annual Index 05 and the Handle 


the point of the crooked Wire, and then the Hour- 
Circle D ſet by the hand till XII comes to its 
Index; in turning the Globe round by the Handle, 
rhen the ſaid place touches the eaſtern edge of 
he Hoop or ſolar Horizon C, the Index ſhews the 
ime of Sun letting at that place; and when the 
ace is juſt coming out from below the other edge 
i the Hoop C, the Index ſhews the time when 


the 


inhabitants ſee the Eclipſe ending on the upper- 


turned till the Meridian of any place comes under 


he evening Twilight ends to it, When the place 
as gone through the dark part A, and comes about 
o as to touch under the back of the Hoop C, on 
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the other ſide, the Index ſhews the. time when the 
Morning Twilight begins; and when the fam; 
place is juſt coming out from below the edge of 


the Hoop next the frame, the Index points our 
the time of Sun-rifing. And thus, the times of 


Suntriſing and ſetting are ſhewn at all places in one 


rotation of the Globe, for any given day of the 
year: and the point of the crooked Wire F ſhew 
all the places over which the Sun paſſes vertical) 
on that day: 
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The DISTANCES of all the PLANETS 
from the SUN, 


1 


TRANSIT of VENUS over the SUN's 
DISC, in the Year 1761. 


To which is ſubjoined, 


An Account of Mr. HORROR's Obſervations of 
the TransIT of VENVUs in the Year 1639. 


AND ALSO, 


Of the DISTANCES of all the PLANETS from the 
SUN, as deduced from OBSERVATIONS of the 
TRANSIT in the Year 1761. 
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The DISTANCES of the PLANETS: 
from the SUN, 


CHAPTER XXII. 
ARTECLE 1. 


Concerning Parallaxes, and their Uſe in general. 


| I, HE“ approaching tranſit of Venus over 
| the Sun has juſtly engaged the atten» 
| tion of Aſtronomers, as it is a pheno- 
menon ſeldom ſeen, and as the parallaxes of the 
Sun and Planets, and their diſtances from one ano— 
ther, may be found with greater accuracy by it, 
than by any other method yet known. | 
2. Theparallax of the Sun, Moon, or any planet, 
is the diſtance between its true and apparent place 
| in the heavens. The true place of any celeſtial ob- 
ject, referred to the ſtarry heaven, is that in which 
it would appear if ſeen from the center of the 


Earth; the apparent place is that in which it ap- 


pears as ſeen from the Earth's ſurface. - 
Io explain this, let ABD H be the Earth (Fig. I. 

of Plate XIV.), C its center, M the Moon, and 
AR an arc of the ſtarry heaven. To an obſerver 
| at C (ſuppoſing the Earth to be tranſparent) the 
| Moon M will appear at U, which is her true place 


5 The whole of this Diſſertation was publiſhed in the begin- 
ning of the year 1761, before the Time of the Tranſit, except 
| the 7th and 8th Articles, which are added ſince that time. 


Ff2 referred 
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referred to the ſtarry firmament : but at the ale” 


inſtant, to an obſerver at A ſhe will appear at 1, 
below her true place among the ſtars.—The 
angle AMC is called the Moon's parallax, ard is 
equal to the oppolite angle U Mu, whole me«ure 
is the celeſtial arc Vu. The whole Earth is but a 
point if compared with its diſtance from the fixed 
ſtars, and therefore we conſider the ſtars as having 
no parallax at all. 

3. The nearer the object is to the horizon, the 
greater is its parallax; the nearcr it is to the ze- 
nith, the leſs. In the horizon it is greateſt of all; 


in the zenith it is nothing. Thus let A4 Lt be the 


ſenſible horizon of an obſerver at 4; to him the 
Moon at L 1s in the horizon, and her parallax is the 
angle ALC, under which the Earth's ſemidiameter 


AC appears as ſeen from her. This angle 1s called 


the Moon's horizontal parallax, and is equal to the 
oppoſite angle TLz, whoſe meaſure is the arc Tf 
in the ſtarry heaven. As the Moon riſes higher 
and higher to the points M, NM, O, P, in her diur 
nal courſe, the parallactic angles UM u, X Ns, 
Y oy diminiſh, and ſo do the arcs Uu, Xx, Z), 
which are their meaſures, until the Moon comes to 
P ; and then ſhe appears in the zenith Z without 
any parallax, her place being the ſame whether it 
be ſeen from A on the Earth's ſurface, or from C 
its 3 


If the obſerver at A could take the true mk 


57 or quantity of the parallactic angle ALC, he 
might by that means find the Moon's diſtance from 


the center of the Earth. For, in the plain tri- 


angle LAC, the fide AC, which is the the Earth's 


femidiameter, the angle ALC, which is the Moon's 


horizontal parallax, and the right angle CAL, 


would be given. Therefore, by trigonometry, as 


the tangent of the parallactic angle ALC is to ra- 
dius, 5 is the Earth's ſemidiameter AC to the 


Moon' s diſtance CL from the Earth's center C,— 


But becauſe we conlider the Earth's ſemidiameter 


as unity, and the logarithm of unity is nothing, ſub- 


tract 


and min fr. os nf ind io oo 


of the Planets from the Sun. 


tract the logarithmic tangent of the angle A LC 
trom radius, and the remainder will be the loga- 


rithm of CL, and its correſponding number is the. 


number of aich ters of the Earth which the 
Moon is diſtant from the Earth's center. — Thus 
ſuppoſing the angle ALC of the Moon's horizon- 
tal parallax be 57 184. 
From the radius — 10.0000000 
Subtract the tangent of 57' 18 $.2219207 


And there will remain — 1. 778073 3; 
which is the logarithm of 59.99, the number of ſe- 
midiameters of the Earth which are equal to the 
Moon's diſtance from the Earth's center. Then, 


59.99 being multiplied by 3985, the number of 


miles contained in the Earth's ſemidiameter, will 
give 239060 miles for the Moon's diſtance from 
the center of the Earth, by this parallax, 

But the true quantity of the Moon's horizon- 
tal parallax cannot be accurately determined by ob- 
ſerving the Moon in the horizon, on account of 
the inconſtancy of the horizontal refractions, which 
always vary according to the ſtate of the atmo- 
ſphere; and, at a mean rate, elevate the Moon's 
apparent place near the horizon half as much 


as her parallax depreſſes it. And therefore, to 


have her parallax more accurate, Aſtronomers 
have thought of the following method, which 
| ſeems to be a very good one, but hath not yet been 
put in practice. 

Let two obſervers be placed under the ſame 
meridian, one 1n the northern hemiſphere, and the 
other in the ſouthern, at ſuch a diſtance from each 
other, that the arc of rhe celeſtial meridian in- 
cluded between their two zeniths may be at leaſt 
80 or go degrees. Let each obſerver take the diſ- 
tance of the Moon's center from his zenith, by 
means of an exceeding good inſtrument, at the 
moment of her paſhng the meridian: add theſe 
| wo zenith-diſtances of the Moon together, and 
1 their 
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their exceſs above the diſtance between the two 
zeniths will be the diſtance between the two ap- 
parent places of the Moon. Then, as the ſum of 


the natural fines of the two zenith-diſtances of the 


Moon is to radius, ſo is the diſtance between her 
two apparent places to her horizontal parallax : 
which being found, her diſtance from the Earth's 
center may be found by the analogy mentioned in 


* 
Thus, in Fig. 2. let “E C Abe the Earth, Mthe 


Moon, and Z baz an arc of the celeſtial meridian. 


Let Y be Vienna, whoſe latitude EY is 48* o north; 
and C the Cape of Good Hape, whoſe latitude EC is 
34? 30“ ſouth : both which latitudes we ſuppoſe to 
be accurately determined before-hand by the ob- 
ſervers. As theſe two places are on the ſame me- 
ridian #Y ECs, and in different hemiſpheres, the 
ſum of their latitudes 82“ 5o' is their diſtance from 
each other. Z is the zenith of Vienna, and 2 the 
zenith of the Cape of Good Hope ; which two zeniths 
are alſo 82* 50“ diſtant from each other, in the 
common celeſtial meridian Z x. To the obſerver 
at Vienna, the Moon's center will appear at @ in 
the celeſtial meridian ; and ar the ſame inſtant, to 
the obſerver at the Cape, it will appear at . Now 


ſuppoſe the Moon's diſtance Z a from the zenith 


of Vienna to be 38® 1' 537; and her diſtance 26 


from the Zenith of the Cape of Good Hope to be 46* Þ 
4' 41”: the ſum of theſe two zenith-diſtances Þ 
(Za+2b) is 84 & 34”, from which ſubtrat Þ 
820 50“, the diſtance Z z between the zeniths of 
theſe two places, and there will remain 1® 16' 34 
for the arc b a, or diſtance between the two appa- Þ 
rent places of the Moon's center, as ſeen from V and 
from C. Then, ſuppoſing the tabular radius to be] 
10000000, the natural fine of 381“ 53” (the arch 
Za) is 6160816, and the natural ſine of 46 4 Þ 
41“ (the arc 259) is 7202821; the ſum of both theſe 
ſines is 13363637. Say, therefore, As 13363637 

9 5 55 H 


F the Planets from the Sun, 


is to I00c0000, ſo is 1* 16” 347, to 57 187, which 
is the Moon's horizontal parallax. 

If the two places of obſervation be not exactly 
under the ſame meridian, their difference of longi- 
tude muſt be accurately taken, that proper allow- 
ance may be made for the Moon's declination while 
ſhe is paſſing from the meridian of the one to the 
meridian of the other. 

6. The Earth's diameter, as ſeen from the Moon, 
ſubtends an angle of double the Moon's horizontal 
parallax z which being ſuppoſed (as above) to be 
57 18”, or 3438“, the Karth's diameter muſt be 
1» 54' 36”, or 6876“. When the Moon's hori- 
zontal parallax (which is variable on account of 
the eccentricity of her orbit) is 57 18“, her dia- 
meter ſubtends an angle 31“ 2“, or i1802'' : there- 
fore the Earth's diameter is to the Moon's diameter, 
as 6876 is to 1862 ; that is, as 3.69 isto 1. 

And ſince the relative bulks of ſpherical bodies 
are as the cubes of their diameters, the Earth's 
bulk is to the Moon's bulk, as 49.4 is to 1. 

7. The parallax, and conſcquently the diſtance 
and bulk of any primary planet, might be found 
in the above manner, if the planet was near enough 
to the Earth, to make the difference of its two 
apparent places ſufficiently ſenſible : but the 
neareſt planet is too remote for the accuracy re- 
quired. In order therefore to determine the dil- 
tances and relative bulks of the planets with any 
tolerable degree of preciſion, we muſt have recourſe 
to a method leſs liable to error: and this the ap- 


proaching tranſit of Venus over the Sun's diſc will 
afford us. 


8. From the time of any inferior conjunction of 


the Sun and Venus to the next, is 583 days 22 
hours 7 minutes. And, if the plane of Venus's 
orbit were coincident with the plane of the ecliptic, 
the would paſs directly between the Earth and the 
Sun at each inferior conjunction, and would then 
appear like a dark round ſpot on the Sun for about 
Ff 4 J I hours 
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7 hours and 3 quarters, But Venus's orbit (like 
the Moon's) only interſects the ecliptic in two op- 
polite points, called its Nodes. And therefore one 
half of it is on the north ſide of the ecliptic, and 
the other on the ſouth: on which account, Venus 
can never be ſeen on the Sun, but at thoſe inferior 
conjunctions which happen in or near the nodes of 
her orbit. At all the other conjunctions, ſhe either 
paſſes above or below the Sun; and her dark fide 
being then toward the Earth, ſhe is inviſible.— 
The lait time when this planet was ſeen like a 
ſpot on the Sun, was on the 24th of Nevember, Old 
Stile, in the year 1639. 


ü MM 


** how to iind the horizontal parallax of Venus 

by obſervation, and from thence, by analogy, the 

aka and diſtance of the Sun, and of all the 
Planets from him. 


9. 10 Fig. 4. of Plate XIV. let DB A be the 
Earth, “ 1 5 and 7 $ R the eaſtern limb of the 
Sun. To an obſerver at B, the point t of that limb 
will be on the meridian, its place referred to the 
heaven will be at E, and Venus will appear juſt 
within it at ©, But, at the ſame inſtant, to an ob- 
ſerver at 4, Venus is eaſt of the Sun, in the right 
line AY F; the point f of the Sun's limb appears 
at e in the heaven, and if Venus were then viſible, 


ſhe would appear at F. The angle C VA is the 


horizontal parallax of Venus, which we ſeek; and 
is equal to the oppoſite angle E, whoſe mea- 
ſure is the are FE, ASC is the Sun's horizontal 


| Parallax, equal to the oppoſite angle e S E, whoſe 


meaſure is the arc eE: and F Ae (the ſame as 


V Av) is Venus's horizontal parallax from the Sun, 


which may be found by obſerving how much later 


in abſolute time her total ingreſs on the Sun is, as 
teen from 4, than as ſeen from B, which is the F 


time 


of the Planets from the Sun, 


ime ſhe takes to move from “ to v in her orbit 
OL v. 

10. It appears by the tables of Venus's motion 
and the Sun's, that at the time of her enſuing tran- 
ſit, ſhe will move 4“ of a degree on the Sun's diſc 


in 60 minutes of time; and therefore ſhe will move 


4'' of a degree in one minute of time. 


Now let us ſuppoſe, that A is go? weſt of B, 


ſo that when it is noon at B, it will be VI in the 
morning at 4; that the total ingreſs as ſeen from 
is at t minute paſt XII. but that as ſeen from A 
it is at 7 minutes 30 ſeconds paſt VI: deduct 6 
hours for the difference of meridians of A and B, and 


the remainder will be 6 minutes 3o ſeconds for the 


time by which the total ingreſs of Venus on the 
Sun at & is later as ſeen from A than as ſeen from 
B: which time being converted into parts of a 
degree is 26“, or the arc Fe or Venus's horizontal 
| parallax from the Sun : for, as 1 minute of time 
is to 4 ſeconds of a degree, ſo is 63 minutes of 
| time to 26 leconds of a degree. 

11. The times in which the planets perform 
| their annual revolutions about the Sun, are already 
known by obſervation. —From theſe times, and 
the univerſal power of gravity by which the pla- 
| Nets are retained in their orbits, it is demonſtrable, 


| that if the Earth's mean diſtance from the Sun be 


| divided into 10cooo equal parts, Mercury's mean 


| diſtance from the Sun muſt be equal to 38710 of 


| theſe parts—Venus's mean diſtance from the Sun, 
to 72333—Mars's mean diſtance, 152309—Jupi- 


ter's, 520096—and Saturn's, 954006. Therefore, 


when the number of miles contained in the mean 


diſtance of any planet from the Sun is known, we 


can, by theſe proportions, find the mean diſtance 
in miles of all the reſt. 5 
12. At the time of the enſuing tranſit, the 


Earth's diſtance from the Sun will be 101 5 (the 


| can diflance being here confidered as 1000), and 
Venus's diſtance from the Sun will be 726 (the 
; 5 mean 
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mean diſtance being conſidered as 723), which dif. 
ferences from the mean diſtances ariſe from the 
elliptical figure of the planets' orbits—Subtrat 
726 parts from 1015, and there will remain 289 
parts for Venus's diſtance from the Earth at that 


times 
13. Now, fince the horizontal parallaxes of the di 
| planets are * inverſely as their diſtances from the ta 
| Earth's center, it is plain, that as Venus will be th 
between the Earth and the Sun on the day of her ſo 
tranſit, and conſequently her parallax will be then 10 
greater than the Sun's, if her horizontal parallax ſe! 
can be on that day aſcertained by obſervation, the th 
Sun's horizontal parallax may be found, and con- W. 
ſequently his diſtance from the Earth. Thus, ſup- W nu 
poſe Venus's horizontal parallax ſhould be found an 


to be 36.3480; then, As the Sun's diſtance 1015 8. 
is to Venus's diſtance 289, ſo is Venus's horizontal 
parallax 36“. 3480 to the Sun's horizontal parallax di 
. 10%¼.3493 on the day of her tranſit. And the dif- cu 
| ference of theſe two parallaxes, viz. 25.9987 th 
(which may be eſteemed 26“) will be the quantity M 
of Venus's horizontal parallax from the Sun; A 
which is one of the elements for projecting or de- 

| lineating her tranſit over the Sun's diſc, as will ap- di. 
| pear further on. | dit 

To find the Sun's horizontal parallax at the time 

of his mean diſtance from the Earth, ſay, As 1000 Þ di; 
parts, the Sun's mean diſtance from the Earth's tat 
center, is to 1013, his diſtauce from it on the! 


* To prove this, let Sbe the Sun (Fig. 3.) / Venus, 4B the] gi 
Earth, Cits center, and ACits ſemidiameter. The angle 4/C | © 
| is the horizontal parallax of Venus, and ASC the horizontal! 
| parallax of the Sun. But by the property of plain triangles, a3 Þ dit 
. the ſine of C (or of A its ſupplement to 180) is to the] dit 
| ſine of ASC, fo is 4S to AF, and io is C&S to CY.-| 
| N. B. In all angles leſs than a minute of a degree, the {ines | _- 
| tangents, and arcs, are ſo nearly equal, that they may, without] On 
error, be uſed for one another. And here we mike uſe ff da. 
Gardine''s logarithmic tables, becaule they have the fines to th, 
every lecond of a degree. 
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of the Planets from the Sun. 
day of the tranſit, ſo is 10'7.3493, his horizontal 


prallax on that day, to 10''.5045, his horizontal 


parallax at the time of his mean diſtance from the 
e center. 
The Sun's parallax being thus (or any other 

FR ſuppoſed to be) found, at the time of his mean 
diſtance from the Earth, we may find his true diſ- 
tance from it, in ſemidiameters of the Earth, by 
the following analogy. As the fine (or tangent of 
ſo ſmall an arc as that) of the Sun's parallax 
10'/,5045 is to radius, ſo is unity, or the Earth's 
ſemidiameter, to the number of ſ{emidiameters of 
the Earth that the Sun 1s diſtant from its center, 
which number, being multiplied by 3985, the 
number of miles contained in the Earth's ſemidi— 
ameter, will give the number of miles which the 
Sun is diſtant from the Earth's center. 

Then, by § 11, As 100000, the Earth's mean 
diſtance from the Sun in parts, is to 38710, Mer- 
cury's mean diſtance from the Sun in parts, ſo is 
the Earth's mean diſtance from the Sun in miles to 
Mercury's mean diſtance from the Sun in miies.— 
And, 

As 100000 is to 72333, ſo is the Earth's mean 


diſtance from the Sun in miles to Venus's mean 


diſtance from the Sun in miles. —Likewiſe, 

As 100000 is to 152309, fo is the Earth's mean 
diſtance from the Sun in miles to Mars's mean dil- 
tance from the Sun in miles, —Again, 

As 100009 is to 520096, ſo is the Earth's mean 


diſtance from the Sun in miles to Jupiter's mean 


diſtance from the Sun in miles. —Laſtly, 

As 100000 is to 954006, fo is the Earth's mean 
diſtance from the Sun in miles to Saturn's mean 
diſtance from the Sun in miles. 

And thus, by having found the diſtance of any 
one of the planets from the Sun, we have ſufficient 


data for finding the diſtance of all the reſt. And 


then, from their apparent diamcters at theſe known 


diſtances, 
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diſtances, their real diameters and bulks may be 
found. | 

15. The Farth's diameter, as ſeen from the 
Sun, ſubtends an angle of double the Sun's hori- 
zontal parallax, at the time of the Earth's mean 
diſtance from the Sun: and the Sun's diameter, as 
ſeen from the Earth at that time, ſubtends an angle 
of 32 2“, or 1922/'., Therefore, the Sun's diame. 
ter is to the Earth's diameter, as 1922 is to 21.— 
And ſince the relative bulks of ſpherical bodies 
are as the cubes of their diameters, the Sun's bulk 
is to the Earth's bulk, as 756058 is to 1; ſuppoſing 
the Sun's mean horizontal parallax to be 10“. 5, 
as above. | 

16. It is plain by Fig. 4. that whether Venus 
be at Vor J, or in any other part of the right line 
3, it will make no difference in the time of her 
total ingreſs on the Sun at S, as ſeen from B; but 
as ſeen from A it will, For, if Venus be at “, her 
horizontal parallax from the Sun is the arc Fe, 


which meaſures the angle FAe : but if ſhe be nearer 


the Earth, as at U, her horizontal parallax from the 
Sun is the arc fe, which meaſures the angle Ae; 
and this angle is greater than the angle FA e, by 
the difference of their meaſures FF. So that, as 
the diſtance of the celeſtial object from the Earth 
is lefs, its parallax 1s the greater. 

17. To find the parallax of Venus by the above 
method, it is neceflary, 1. That the difference of 
meridians of the two places of obſervation be go?. 
—2. That the time of Venus's total ingreſs on the 
Sun be when his eaſtern limb 1s either on the me- 
ridian of one of the places, or very near it.— And, 
3. That each obſerver hae his clock exactly regu- 


lated to the equal time at his place. But as it 


might, perhaps, be difficult to find two places on 
the Earth ſuited to the firſt and ſecond of theſe re- 
quiſites, we ſhall ſhew how this important problem 
may be ſolved by a ſingle obſerver, if he be exact 

as 
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as to his longitude, and has his clock truly adjuſted 
to the equal time at his place. 

18. 'that part of Venus's orbit in which ſhe will 
move during her tranſit on the Sun, may be con- 
ſidered as a ſtraight line; and therefore, a plane 
may be conceived to paſs both through it and the 
Earth's center. To every place on the Earth's 
ſurface cut by this plane, Venus will be feen on 
the Sun in the ſame path that ſhe would deſcribe 
as ſeen from the Earth's center : and therefore ſhe 
will have no parallax of latitude, either north or 
ſouth ; but will have a greater or leſs parallax of 
longitude, as {ſhe is more or Jeſs diſtant from the 
meridian, at any time during her tranſit, 

Matura, a town and fort on the ſouth coaſt of 
the iſland of Ceylon, will be in this plane at the 
time of Venus's total ingreſs on the Sun; and the 
Sun will then be 62% eaſt of the meridian of that 
place. Conſequently to an obſerver at Matura, 


Venus will have a conſiderable parallax of longi- 


| tude eaſtward from the Sun, when ſhe would ap- 
| pear to touch the Sun's eaſtern limb as ſeen from 
the Earth's center, at which the Aſtronomical Tables 


times as ſcen from thence. 
| 19. According to theſe tables, Venus's total in- 
| greis on the Sun will be 50 minutes after VII in 
the morning, at Matura *, ſuppoſing that place to 
be 800 eaſt longitude from the meridian of London; 
which is the obſerver's buſineſs to determine. Let 
us imagine that he finds it to be exactly ſo, but 
that to him the total ingreſs is at VII hours 55 
minutes 46 {econds, which is 5 minutes 46 ſeconds 


— * 


as ſecn from the Earth's center. Then, as Venus's 


* The time of total ingreſs at I. ondon, as ſeen from the 
| Earth's center, is at 30 minutes after Il in the morning; and 
if Matura be juſt 80 (or 5 hours 20 minutes) eaſt of London, 
50 minutes paſt VII at Malura. 


motion 


| ſuppoſe the obſerver to be placed, and give the 


later than the true calculated time of total ingreſs, 


| when it is 30 minutes paſt II in the morning at London, it is 
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motion on (or toward, or from) the Sun is at the 
rate of 4 minutes of a degree in an hour (by s 910.) 
her motion muſt be 28% of a degree | in 5 minutes 
46 ſeconds of time: and this 23.1 is her parallax 

eaſtward, from her total ingreſs as ſeen from /va- 
tur a, when her ingreſs would be total if ſeen from 
the Larth's center. 

20. At VII hours 50 minutes in the morning, 
the Sun is 62 from the meridian; at VI in the 
morning he is 90 from it: therefore, as the fine 
of 624 is to the line of 237.1 (which is Venus's 
parallax from her true place on the Sun at VII 
hours 50 minutes) fo is radius, or the line of 909, to 
the fine of 26“, which is Venus's horizontal paral- 
lax from the Sun at VI. In logarithms thus: 


As the logarithmic ſine of 62 3& -- 9.9479289 
Is to the logarithmic fine of 23”, 1 - -  6.0481510 
So is the logarithmic radius - + 10,0000009 


To the logarithmic line of 267 very neariy - + 6.1002221 


Divide the Sun's diſtance from the Earth, 10135, 
by his diſtance from Venns 726 (§ 12.) and the 
quotient will be 1.2980; which being multiplied 
by Venus's horizontal parallax from the Sun 26, 
will give 367.3480, for her horizontal parallax as 
ſeen from the Earth at that time.—Then (by 13. 


a” the Sun's diſtance 1015 is to Venus's diitance 
, fois Venus's horizontal parallax 30//.3460 to 


1 Sun's horizontal parallax 10''.3493.,—l1t Ve 


nus's horizontal parallax from the Sun is found 
by obſervation to be greater or leſs than 26", the 
Sun's horizontal parallax muſt be greater or lebÞ 


than 10'',3493 accordingly. 


21. And thus, by a ſingle obſervation, the pz | 
rallax of Venus, and conſc quently the parallax d . 
the Sun, might be found, if we were ſure that th 


Aſtronomical tables were quite correct as to th 


: *© 
time of Venus's total ingreſs on the Sun. — BU 


although the tables may be ſately depended upa 


6 
4 
„ 
97 
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for ſhewing the true duration of the tranſit, which 
will not be quite 6 hours from the time of Venus's 
total ingreſs on the Sun's eaſtern limb, to the be- 
ginning of her egreſs from his weſtern ; yet they 
may perhaps not give the true times of theſe two 
internal contacts: like a good common clock, 
which though it may be truſted ro for meaſuring a 
few hours of time; yet perhaps it may not be 
quite adjuſted to the meridian of the place, and 
conſequently not true as to any one hour; which 
every one knows is generally the caſe.— Therefore, 
to make ſure work, the obſerver ought to watch 
both the moment of Venus's total ingreſs on the 
Sun, and her beginning of egreſs from him, ſo as 
to note preciſely the times between theſe two in- 
ſtants, by means of a good clock: and by com- 
paring the interval at his place with the true cal- 
culated interval as ſeen from the Earta's center, 
which will be 5 hours 53 minutes, he may find 
the parallax of Venus from the Sun both ar her 


| total ingreſs and beginning of egreſs. 


22. The manner of obſerving the tranſit ſhould 


| be as follows :—The obſerver being provided with 
a good teleſcope, and a pendulum clock well ad- 
juſted to the mean diurnal revolution of the Sun, 
| and as near to the time at his place as conveniently 
may be; and having an aſſiſtant to watch the clock 
at the proper times, he muſt begin to obſerve the 
Sun's eaſtern limb through his teleſcope, twenty 
minutes at leaſt before the computed time of Venus's 


; | total ingreſs upon it, leſt there ſhould be an error in 


the time of the beginning, as given by the tables, 

When he perceives a dent (as it were) to be 
ade in the Sun's limb, by the inter poſition of the 
dark body of Venus, he muſt then continue to 


0 watch her through the teleſcope as the dent in- 
1 and his aſſiſtant muſt watch the time ſhewn 


by the clock, till the whole body of the planet 
Appears uſt within the Sun's limb: and the mo- 


4 zent when the bright limb of the Sun appears 
ö : eloſe 


; 
. 
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cloſe by the eaſt fide of the dark limb of the pfa- 


net, the obſerver, having a little hammer in his 
hand, is to ſtrike a blow therewith on the table or 
wall; the moment of which, the aſſiſtant notes by 
the clock, and writes 1t down. 

Then, let the planet paſs on for about 2 hours 
59 minutes, in which time it will be got to the 


middle of its apparent path on the Sun, and con- it 
ſequently will then be at its leaſt apparent dif. cen 
tance from the Sun's center; at which time, the wel 
obſerver muſt rake its diſtance from the Sun's cen. the 
ter, by means of a good micrometer, in order to timi 
aſcertain its true latitude or declination from the AN 


ecliptic, and thereby find the places of its nodes. 
This done, there is but little occaſion to oblerve 
it any longer, until it comes ſo near the Sun's 
weſtern limb, as almoſt to touch it. Then: the 
obſerver mult watch the planet carefully with his 
teleſcope : and his aſſiſtant muſt watch the clock, 
ſo as to denote the preciſe moment of the planet's 
touching the Sun's limb, which the aſſiſtant knows 
by the oblerver's ſtrinking a blow with his hammer, 
23. The aſſiſtant muſt be very careful in ob- 
ſerving what minute on the Dial-plate the minute- 
hand has paſt, when he has obſerved the ſecond- 
hand at the inſtant the blow was ſtruck by the WW": 
hammer; otherwiſe, though he be right as to I dian: 
the number of ſeconds of the current minute, he W'!y | 
may be apt to make a miſtake in the number ot And t 
minutes. 5 trace: 
24. To thoſe places where the tranſit begins be- N to be 
fore XII at noon, and ends after it, Venus will from 
have an eaſtern parallax from the Sun at the be-. 25 
ginning, and a weſtern parallax from the Sun at Is ner. 
the end; which will contract the duration of the of hei 
tranſit, by cauſing it to begin later, and end ſoonet, ſhe is 
at theſe places, than it does as ſeen from the Earth's NCntra 


center; which may be explained in the following age 


lits ru 


* 
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In Fig. 5. of Plate XIV. let B MA be the Earth, 
7 Venus, and 8 the Sun. The Earth's motion on 
its axis from weſt to eaſt, or in the direction 
AMB, carries an obſerver on that ſide contrary 


to the motion of Venus in her orbit, which is in 


the direction GVV, and will therefore cauſe her 
motion to appear quicker on the Sun's diſc, than 
it would appear to an obſerver placed at the Earth's 
centre C, or at either of its poles. For, if Venus 
were to ſtand ſtill in her orbit at Y for twelve hours, 
the obſerver on the Earth's ſurface would in that 
time be carried from A to B, through the arc 
IMB. When he was at 4, he would ſee Venus 
on the Sun at R; when at M, he would ſee her at 
$: and when he was at B, he would ſee her at 7: 
ſo that his own motion would cauſe the planet to 

appear in motion on the Sun through the line 
RST: which being in the direction of her appa— 
rent motion on the Sun as ſhe moves in her orbit 
UW, her motion will be accelerated on the Sun 
to this obſerver, juſt as much as his own motion 
would ſhift her apparent place on the Sun, if the 
were at reſt in her orbit at V. 

But as the whole duration of the tranſit, from 
firſt to laſt internal contact, will not oe quite fix 
hours; an obſerver, who has the Sun on his meri- 
dian at the middle of the tranſit, will be carried 
only from à to & during the whole time thereof, 
| Ant therefore, the duration will be much leſs con- 
tracted by his own motion, than it the planet were 
to be twelve hours in paſting over the Sun, as ſeen 
from the Earth's center. 
| 25. The nearer Venus is to the Earth, the greater 
[is her parallax, and the more will the true duration 
of her tranſit be contracted thereby, the farther 
ſne is from the Earth, the contrary ; ſo that the 
contraction will be in direct proportion to the pa- 
rallax. Therefore, by oblerving, at proper places, 
bow much the duration of the tranſit is leſs than 
pits true duration at the Earth's center, where it is 
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5 hours 58 minutes, as given by the Aſtronomic;] 
tables, the parallax of Venus will be aſcertained, 
26. The above method, (Y 17, & /egq.) is much 
the ſame as was preſcribed long ago by Docdor 
Halley; but the calculations differ conſiderably 
from his; as will appear in the next article, which 
contains a tranſlation of the Doctor's whole differ. 
tation on that ſubject.— Ile had not computed his 
own tables when he wrote it, nor had he time 


before-hand to make a ſufficient number of obſer. 


vations on the motion of Venus, ſo as to determine 
whether the nodes of her orbit are at reſt or no: 
and was therefore obliged to truſt to other tables, 
which are now found to be erroneous. 


ARTICLE III. 


Containing Doctor HALLEY's Diſſertation on the me: 
thod of findi 75 the Sun's parallax and diltance fron 
the Earth, by the tranſit of Venus over the Sun's 

Diſc, June the 6th, 15761. Tranſlated from the 
Latin in Motte's Abridgment of the Philoſophical 


Tranſactions, Vol. I. page 243 ; with additions 
notes. 


There are many things exceedingly paradoxical, 
and that ſeem quite incredible to the illiterate, 
which yet by means of mathemarical principles 
may be eaſily ſolved, Scat ce any problem will ap- 
pear more hard and difficult, than that of deter- 
mining the diſtance of the Sun from the Earth 


very near the truth: but even this, when we are 


made acquainted with ſome exact obſervations, 
taken at places fixed upon, and choſen betore- 
hand, will without much labour be effected. And 


ibis is what I am now deſirous to lay before this 


illuſtrious Society * (which I foretell will continue 
tor aces) that I may explain before-hand to young 
Aſtronomers, who may perhaps live to obſerve 


* The Royal Soct-ty. : 
thcic 


. 
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theſe things, a method by which the immenſe diſ- 
tance of the Sun may be truly obtained, to within 
a five hundredth part of what it really is. 

It is well known that the diſtance of the Sun 
from the Earth is by different Aſtronomers ſup- 
poſed different, according to what was judged moſt 
probable from the beſt conjecture that each would 
form. Ptolemy and his followers, as alſo Copernicus 
and Tycho Brabe, thought it to be 1200 ſemidia- 
meters of the Earth: Kepler 3500 nearly: Ricciolus 
doubles the diſtance mentioned by Kepler, and He- 
velius only increaſes it by one half. But the pla- 
nets: Venus and Mercury having, by the aſſiſtance 


of the teleſcope, been ſeen in the diſc of the Sun, 


deprived of their borrowed brightnels, it is at length 
found that the apparent diameter of the planets 
are much leſs than they were formerly ſuppoſed ; 
and that the ſemidiameter of Venus ſeen from the 
Sun ſubtends no more than a fourth part ef a 
minute, or fifteen ſeconds, while the ſemidiameter 
of Mercury, at its mean diſtance from the Sun, 
is ſeen under an angle only of ten ſeconds ; that 
the ſemidiameter of Saturn ſeen from the Sun 


appears under the ſame angle; and that the 


ſemidiameter of Jupiter, the largeſt of all the 
planets, ſubtends an angle of no more than a third 
part of a minute at the Sun. Whence, keeping 
the proportion, ſome modern Aſtronomers have 
thought, that the ſemidiameter of the Earth, ſeen 
from the Sun, would ſubtend a mean angle betw cen 
that larger one ſubtended by Jupiter, and that 
ſmaller one ſubtended by Saturn and Mercury; 

and equal to that ſubtended by Venus (namely, 
fifteen leconds) : and have thence concluded, that 


the Sun is diſtant from the Earth almoſt 142500 bf- 


the Earth's ſemidiameters. But the ſame authors 
have on another account ſomewhat increated this 
diſtance: for, inaſmuch as the Moon's diameter is 
a little more than a fourth part of the diamerer of 
the Earth, if the Sun's parallax thould be ſuppoſed 
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fifteen ſeconds, it would follow, that the body of the 
Moon is larger than that of Mercury; that is, that 

a ſecondary planet would be greater than a prima- 
ry, which would ſeem inconſiſtent with the uni— 


formity of the mundane ſyſtem. And on the con- 
trary, the ſame regularity and uniformity ſeems 
ſcarcely to admit, that Venus, an inferior planet, 
that has no ſatellite, ſhould be greater than our 
Earth, which ſtands higher in the ſyſtem, and has 
ſuch a ſplendid attendant. Therefore, to obſerve 
a mean, let us ſuppoſe the ſemidiameter of the 
Earth ſeen from the Sun, or, which is the ſame 
thing, the Sun's horizontal parallax, to be twelve 
ſeconds and a halt; according to which, the Moon 
will be leſs than Mercury, and the Earth larger 
than Venus; and the Sun's diſtance from the Earth 
will come out nearly 16,500 of the Earth's ſemi- 
diameters. This diſtance I aſſent to at preſent, as 
the true one, till it ſhall become certain what it is, 
Experiment which I propoſe, Nor am I 
induced to alter my opinion by the authority of 
thoſe (however weighty it may be) who are for 
placing the Sun at 'an immenſe diſtance beyond the 
bounds here aſſigned, relying on obſervations made 
upon the vibrations of a pendulum, in order to 
determine thoſe exceeding ſmall angles; but which, 
as it ſeems, are not ſufficient ro be ee upon: 
at leaſt, by this method of inveſtigating the paral- 
lax, it will come out ſometimes nothing, or even 
negatixe; that is, the diſtance would either become 
infinite, or greater than infinite; which is abſurd. 
And indeed, to confeſs the truth, it is hardly poſ- 
ſible {or a man to diſtinguiſh, with any degree of 
certainty, ſeconds, or even ten ſeconds, with inſtru— 
ments, let them be ever fo {& ilfully made: there- 
ic is not at all to be wondered at, that the 
e ricety of this matter has eluded the many 
and 105261125 enceatours of ſuch ſkilful operators. 
Abuut forty y W Wune I was in the ifland 
ſerving the itars about the ſout 
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pole, I had an opportunity of obſerving, with the 
oreateſt diligence, Mercury paſſing over the diſc 
of the Sun; and (which ſucceeded better than I 
could have hoped for) I obſerved, with the greateſt 
degree of accuracy, by means of a teleſcope 24 
feet long, the very moment when Mercury enter- 
ing upon the Sun ſeemed to touch its limb within, 
and alſo the moment when going off it ſtruck the 
limb of the Sun's diſc, forming the angle of interior 
contact: whence I found the interval of time, dur- 
ing which Mercury then appeared within the Sun's 
ditc, even without an error of one ſecond of time. 
For the lucid line intercepted between the dark 
limb of the planet and the bright limb of the Sun, 
although exceeding fine, is ſeen by the eye; and 
the little dent made in the Sun's limb, by Mer- 
cury's entering the dilc, appears to vaniſn in a 
moment ; and alſo that made by Mercury, when 
leaving the diſc, ſeems to begin in an inſtant.— 
When I perceived this, it immediately came into 
my mind, that the Sun's parallax might be ac- 
curately determined by ſuch kind of obſervations 
as theſe; provided Mereury were but nearer to the 
Earth, and had a greater parallax from the Sun: 
but the difference of theſe parallaxes is ſo little, as 
always to be leſs than the ſolar parallax which we 
ſeek; and therefore Mercury, though frequently 
to be ſeen on the Sun, is not to be looked upon as 
it for our purpoſe. 5 5 


There remains then the tranſit of Venus over 


the Sun's diſc; whoſe parallax, being almoſt four 
imes as great as the ſolar parallax, will cauſe very 


ſenſible differences between the times in which 


Venus will ſeem to be paſſing over the Sun at dit- 
ferent parts of the Earth. And from theſe differ- 
ences, if they be obſerved: as they ought, the 
Sun's parallax may be determined even to a ſmall 
part of a ſecond. Nor do we require any other 


copes and clocks, only good of their kind; and 
1 the obſervers, nothing more is needlul than fide- 
„ 683 lity, 


aſtruments for this purpoſe, than common tele- 
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lity, diligence, and a moderate ſkill in Aſtronomy 
For there is no need that the latitude of the place 
ſhould be ſcrupulouſly obſerved, nor that the hours 
themſelves ſhould be accurately determined with 
reſpect to the meridian : it is ſufficient that th. 
elocks be regulated according to the motion of 
the heavens, if the times be well reckoned from 
the total ingreſs of Venus into the Sun's diſc, tc 
the beginning of her egreſs from it; that is, whe: 
the dark globe of Venus firſt begins to touch thi 
bright limb of the Sun within; which moments, 
I know by my own experience, may be obſerved 
withia a ſecond of time. 

But on account of the very ſtrict laws by which 
the motions of the planets are regulated, Venus is 
ſeldom ſeen within rhe Sun's diſc : and during the 


courſe of more than 120 years, it could not he 


ſeen once; namely, from the year 1639 (when thi; 
moſt pleaſirg ßght happened to that excellent 
youth, Horrex, our countryman, and to him only, 


ſince the creation) to the year 1761; in which 


year, actording to the theories which we have 


hitherto found agreeable to the celeſtial motions, 


NN will again pats over the Sun on the * 26th 

t Mey, in the morning; fo that at London, avout 
fix 0 "clock in the morning, we may expect to fee 
jt near the middle of the Sun's diſc, and not abore 
four minutes of a degree ſouth of the Sun's center, 
But the duration of this tranſit will be almoſt eight 
hours; namely, from two o'clock in the morning 


till almoſt ten. Hence the ipgreſs will not be 


vible in Fugland; but as the Sun will at tun 

time be in the 16th degree of Gemini, having a. 
mot 23 degrees north declination, it will be cen 
without | ſetting at all in almoſt all parts of the 


north frigid zone : and therefore the inhabitant 


of the coaſt of Norway, beyond the city of Nidroj 
which is called Drontheim, as far as the Not" 


| Care, will be able to obſerve Venus entering tl 


* The fixth of June, according to the New Stile. 
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| Sun's diſc; and perhaps the ingreſs of Venus upon 
the Sun, when riſing, will be ſeen by the Scotch, in 
the northern parts of the kingdom, and by the in- 
habitants of the Shetland Iles, formerly called Thule. 


But at the time when Venus will be nearelt the 


Sn's center, the Sun will be vertical to the north- 
ern ſhores of the bay of Bengal, or rather over the 
kingdom of Pegu; and therefore in the adjacent re- 
gions, as the Sun, when Venus enters his diſc, 
will be almoſt four hours toward the eaſt, and as 
many toward the weſt when ſhe leaves him, the 
apparent motion of Venus on the Sun will be acce- 
lJerated by almoſt double the horizontal parallax of 
Venus from the Sun; becauſe Venus at that time 
is carried with a retrograde motion from eaſt to 
welt, while an eye placed upon the Earth's ſurface 
is whirled the contrary way, from welt to eaſt *. 


Suppoling 


* This has been already taken notice of in 8 24; but I ſhall 
here endeavour to explain it more at large, together with ſome 
of the following part of the Doctor's Eſſay, dy a figure. 

In Fig. 1. of Plate XV, let C be the center of the Earth, and 
Z the center of the Sun. In the right line CvZ, make »Z to 
CZ as 726 is to 1015 (F 12). Let acbd be the Earth, v Ve- 
nus's place in her orbit at the time of her conjunction with the 
Sun; and let TSU be the Sun, whole diameter is 31“ 42”. 

The motion of Venus in her orbit is in the direction N w x 
and the Earth's motion on its axis is according to the order of 
the 24 hours placed around it in the figure. Therefore, ſup- 
poſing the mouth of the Ganges to be at G, when Venus is at 
Ein her orbit, and to be carried from & to g by the Earth's 
motion on its axis, while Venus moves from V to e in her orbit; 
it is plain that the motions of Venus and the Ganges are con- 
trary to each other. ; 

The true motion of Venus 1 
the ſpace ſhe ſeems to run over on the Sun's diſc in any given 
tine, could be ſeen only from the Earth's center C, which is 
at reit with reſpect to its ſurface. And as ſeen from C, her 
path on the Sun would be in the right line Tz UV; and her mo- 
tion therein at the rate of four minutes of a degree in an hour. 
7 is the point of the Sun's eaſtern limb which Venus ſcems to 
touch at the moment of her total ingreſs on the Sun, as jeen 
from C, when Venus is at E in her orbit; and U is the point 
of the Sun's weſtern limb which ſhe ſeems to touch at the 

moment of her beginning of egreſs from the Sun, as ſeen from 
C, when ſhe is at e in her orbit, | 


Ge 4 When 


n her orbit, and conſequently | 
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Suppoſing the Sun's parallax (as we have ſaid) 
to be 123“, the parallax of Venus will be 43“; 
from which fuhtrafting the parallax of the Sun, 
there will remain 3o”” at leaſt for the horizontal 
parallax of Venus from the Sun; and therefore the 
motion of Venus will be increaſed 45 at leaſt dy 
that parallax, while ſhe paſles over the Sun's diſc, 
in thoſe elevations of the pole which are in places 
near the tropic, and yet more in the neigh bour- 


hood of the equator. Now, Venus at that time 


will move on the Sun's diſc, very nearly at the 


rate of four minutes of a degree in an hour; and 
therefore 11 minutes of time at leaſt are to be 
allowed for 45“, or three fourths of a minute of 

a degree; 


When the mouth of the Ganges is at (in revolving through 
the arc Cn the Sun is on its meridian. Therefore, ſince 
CG and e are equally diſtant from i at the beginning and end- 
ing of the tranſit, it is plain that the Sun will be as far eaſt of 
the meridian of the Gang {at G) when the tranſit begins, as 
It will be welt of the meridian of the ſame place (revolved 
from & to g) v hen the tranlit ends. 

Eut although the beginning of the tranſit, or rather the 
moment of Venus's total ingreſs upon the Sun at 7, as teen 
from the Earth's center, mutt be when Venus is at in her 
orbit, becaule the is then ſeen in the direction of the right line 


'CE7; yet at the ſome inſtant of time, as ſeen from the 


Gangts at G, ſhe will be ſhort of her ingreſs on the Sun, being 
then ſeen eaſtward of him, in the right line GEK, which 
makes the angle A 4 (equal to the oppoſite angle G EN, 
with the rght line CET, his angle is called the angle of 
Venus's parallax from the Sun, which retards the beginning 
of the tranlit as ſeen from the banks of the Ganges; 1o that 
the Gangs &, mult advance a little farther toward , and Venus 


muſt move en in ber orbit from E to K, before ſhe can be icen 


from CG (ia the right line G KT) whoily within the Sum's 
diſc at 7. 

When Venus comes to e in her orbit, ſhe will appear at C, 
as en trom the Earth's center C, juſt beginning to leave the 
Sun; that is, at the beginning of her egreſs from his weſteiy 
lin b: but at the ſame inſtant of time, as ſeen from the G4, 
which is then at g, ſhe will be quite clear of the Sun toward 
the weſt; being then ſeen from; in the right line ge, which 
makes an angle, as Ue L (equal to the oppolite angle (eg). 
with the fight line Ce U: and this is the angle of Venus's 

| parallas 
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of the Planets from the Sun, 


a degree; and by this ſpace of time, the duration 
of this eclipſe cauſed by Venus will, on account 
of the parallax, be ſhortened. And from this 
ſhortening of the time only, we might ſafely enough 
draw a Concluſion concerning the parallax which 
we are in ſearch of, provided the diameter of the 
Sun, and the latitude of Venus, were accurately 
known, But we cannot expect an exa& computa— 
tion in a matter of ſuch ſubtilty. 

We muſt endeavour therefore to obtain, if poſ- 
ſible, another obſervation, to be taken in thoſe 
places where Venus wiil be in the middle of rhe 
Sun's diſc at midnight; that is, in places under 
the oppofite meridian to the former, or about 6 
hours or go degrees weit of London; and where 
Venus enters upon the Sun a little before its ſet— 


arallax from.the Sun, as ſeen from the Ganges at g, when ſhe 
is but juſt beginuing to leave the Sun at C, as ſeen from the 
Earth's center C. 

Here it is plain, that the duration of the tranſit about the 
mouth of th- Ganges (and allo ,in the neighbouring places) 
will be diminiſhed by about double the quantity of Venus's 
parallax from the Sun at the beginning and ending of the 
tranſit, For Venus muſt be at E in her orbit when ſhe is 


wholly upon the Sun at 7, as ſeen from the Earth's center C: 


but at that time ſhe is ſhort of the Sun, as ſeen irom the Garpes 
at &, by the whole quantity of her eaſtern parallax from the 
Sun at that time, which is the angle XET. {This angle, in 
tact, is only 23”; though it is repreiented much larger in the 
figure, becauſe the Earth therein is a vaſt deal too big.] Now. 


as Venus moves at the rate of 4/ in an hour, ſhe will move 23“ 


in 5 minutes 45 ſeconds: and, therefore, the tranſit will begin 
later by 5 minutes 45 ſeconds at the banks of the Ganges than 
at the Farth's center. When the tranſit is ending at C, 
as ſeen irom the Earth's center at C, Venus will be quite clear 
of the Sun (by the whole quantity of her weſtern parallax {rom 
him) as ſeen from the Ganges, which is then at ge and this 
parallax will be 22”, equal to the ipace through which Venus 
moves 11 5 minutes 3o ſeconds of time: ſo that the trauſit will 
end 54 minutes ſooner as ſeen from the Ganges, than as ſeen 
from the barth's center, | 

Hence the whole contraction of the duration of the traniit 
at the mouth of the Ganges will be 11 minutes 15 ſeconds of 
time: for it is 5 minutes 45 ſeconds at the beginning, and 5 
ainues zo ſeconds at the end. | 
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ting, and goes off a little after its riſing. And 
this will happen under the above-mentioned meri- 
dian, and where the elevation of the north pole is 
about 56 degrees; that is, in a part of Hudſon's 
Bay, near a place called Port-Nelſon. For, in this 
and the adjacent places, the parallax of Venus will 
increaſe the duration of the tranſit by at leaſt fix 
minutes of time; becauſe, while the Sun, from 
its ſetting to its riſing, ſeems to paſs under the 
pole, thoſe places on the Earth's diſc will be car- 
ried with a motion ſrom eaſt to weſt, contrary to 
the motion of the Ganges; that is, with a motion 
conſpiring with the motion of Venus; and there- 
fore Venus will ſeem to move more {lowly on the 
Sun, and to be longer in paſſing over his diſc &. 


If 


* In Fig. I. of Plate XV let aCbe the meridian of the 
eaſtern mouth of the Ganges; and 5% the meridian of Port- 
Nelſon at the mouth of York River in Hudſon's Bay, 50 north 
latitude. As the meridian of the Ganges revolves from a to c, 
the meridian of Pori- Nein will revolve from 5 to d: there- 


—_— 


co ww =. ww mw a. how? wor Ai a> ee eats. eas: s.. 


fore, while the Ganges revolves from G to g, through the arc ke 

| Gmg, Port-Nel/on revolves the contrary way as ſeen from the a 

Sun or Venus) from P to p through the arc Pp. Now, | 

| as the motion of Venus is from E to e in her orbit, while ſhe « 

ſeems to paſs over the Sun's diſc in the right line T:U, as ſeen b 

{ from the Earth's Center C, it is plain that while the motion fi 

| of the Ganges is contrary to the motion of Venus in her orbit, Ir 

4 and thereby ſhortens the duration of the tranlit at that place, af 
the motion of Port-Nelfon is the fame way as the motion of 

Venus, and will therefore increaſe the duration of the tranſit: a 

| which may in ſome degree be illuſtrated by ſuppoting, that 1 


while a ſhip is under fail, if two birds fly along the ſide of 
the ſhip in contrary directions to each other, the bird which 


| flies contrary to the motion of the ſhip will paſs by it ſooner W 
| than the bird will, which flies the jame way that the ſhup 01 
| * moves. : | 
1 In fine, it is plain by the figure, that the duration of the i 
1 tranſit muſt be longer as ſeen from Port-NMſon, than as ſcen far 
5 from the Earth's center; and longer as ſeen from the Earth's 15 
ö 6 center, than as ſeen from the mouth of the Ganges. For re 
| Port- Nelſon muſt be at P, and Venus at N in her orbit, when tre 
1 ſhe appears wholly within the Sun at 7: and the ſame place fre 
| l mult be at y, and Venus at », when the appears at U, begin- pa 
| ning to leave the Sun,—The Ganges mult be at E, and Venus 
\ Wi | | al 
| 
| 
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If therefore it ſhould happen that this tranſit 
ſhould be properly obſerved by ſkilful perſons at 
both theſe places, it is clear, that its duration 
will be 17 minutes longer, as ſeen from Port- 
Nelſon, than as ſeen from the Eaſt-Indies, Nor is 
it of much conſequence (if the Engliſh ſhall at that 
time give any attention to this affair) whether the 
obſervation be made at Tort-Geos ge, commonly 
called Madras, or at Bencoolen on the weſtern ſhore 
of the iſland of Sumatra, near the Equator. But 
if the French ſhould be diſpoſed to take any pains 
herein, an obſerver may ſtation himſelf conveniently 
enough at Pondicherry on the weſt ſhore of the bay 
of Bengal, where the altitude of the pole 1s about 
12 degrees. As to the Dutch, their celebrated 
mart at Batavia will afford them a place of obſer- 
vation fit enough for this purpoſe, provided they 
alſo have but a diſpoſition to aſſiſt in advancing, in 
this particular, the knowledge of the heavens — 
And indeed I could wiſh that many obſervations 
of the ſame phenomenon might be taken by dift- 
terent perſons at ſeveral places, both that we might 
arrive at a greater degree of certainty by their 
agreement, and alſo leſt any ſingle obſerver ſhould 
be deprived, by the intervention of clouds, of a 
light, which I know not whether any man living 
in this or the next age will ever ſee again; and on 
which depends the certain and adequate ſolution of 
a problem the molt noble, and at any other time 


not to be attained to. | recommend it, therefore, 


again and again, to thoſe curious Aſtronom ers, 


who (when I am dead) will have an opportunity 


of obſerving theſe things that they would remem- 


at R, when ſhe is ſeen from G upon the Sun at 7; and the 
lame pl ace muit be at g. and Venus at r, When ſhe begins to 
l:ave the Sun at U, as ſeen from So that Venus muſt move 
rom N to = in her orbit, while ſhe i is ſeen to pais over the Sun 
from Port Nel/oa ; from E to e in paſſing over the Sun, as ſeen 


from the Earih's center; and only from e to » while ſhe 


patics over the Sun, as ſeen from the banks of the Ganges. 
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ber this my admonition, and diligently apply them. 
ſelves with all their might to the making this ob- 
{crvation ;z and I earneſtly wiſh them all imaginable 
ſuccefs; in the firſt place that they may not, by 
the unſ{eaſonable obſcurity of a cloudy ſky, be de- 
prived of this moſt deſirable tight; and then, that 
having aſcertained with more exactneſs the magni- 
tudes of the planetary orbits, it may redound to 
their immortal fame and glory. 

We have now ſhewn, that by this method the 
Sun's parallax may be inveſtigared to within its five 
hundredth part, which doubtleſs will appear won- 
derful to ſome. But if an accurate obſervation be 
made in each of the places above marked out, we 
have already demonſtrated that the durations of 
this eclipſe made by Venus will differ from each 
other by 17 minutes of time; that is, upon a ſup— 
poſition that the Sun's parallax is 123“. But if 
the difference ſhall be found by obſervation to be 
greater or leſs, the Sun's parallax will be greater 
or leſs, nearly in the ſame proportion. And fince 
17 minutes of time are anſwerable to 123 ſeconds 
of ſolar parallax, for every ſecond of parallax there 
will ariſe a difference of more than 80 ſeconds of 
time; whence, if we have this difference true to 
two ſeconds, it will be certain what the Sun's pa— 


rallax is to within a 4oth part of one ſecond; and 


therefore his diſtance will be determined to within 
its 5oodth part at leaſt, if the parallax be not 
found leſs than what we have ſuppoſed: for 40 
times 124 make 500. b 
And now I think I have explained this matter 


fully, and even more than I needed to have done, 


to thote who underſtand Aſtronomy : and I would 


have them take notice, that on this occaſion, I 
have had no regard to the latitude of Venus, both 
to avoid the inconvenience of a more intricate Cal- 


ulation, which would render the concluſion lels 


evident; and alſo becauſe the motion of the nodes 


OI 


of the Planets from the Sun. 


of Venus is nor yet diſcovered, nor can be deter- 
mined but by ſuch conjunctions of the planet with 
the Sun as this is. For we conclude that Venus 
will pals 4 minutes below the Sun's center, only 
in conſequence of the ſuppoſition that the plane 
of Venus's orbit is immoveable in the ſphere of 
the fixed ſtars, and that its nodes remain in the 
ame places where they were found in the year 
1639. But it Venus, in tae year 1791, ſhould 
move over the Sun in a path more to the ſouth, 
it will be manifeſt that her nodes have moved 
backward among the fixed ſtars; and if more to 
the north, that they have moved forward; and that 
at the rate of 55 minutes of a degree in 100 Julian 
years, for every minute that Venus's path ſhall be 
more or leſs diſtant than the above ſaid 4 minutes 
from the Sun's center. And the difference be— 
tween the duration of theſe eclipſes will be ſome- 
what leſs than 17 minutes of time, on account of 
Venus's ſouth latitude 3 but greater if by the mo- 
tion of the nodes forward the ſhould paſs on the 
north of the Sun's center. 

But for the ſake of thoſe, who, though they are 
delighted with ſydereal obſervations, may not yet 
have made themſelves acquainted with the doctrine 
of parallaxes, I chule to explain the thing a little 
more fully by a ſcheme, and alſo by a calculation 
ſomewhat more accurate. 8 

Let us ſuppoſe that at London, in the year 1761, 
on the 6th of June, at 55 minutes after V in the 
morning, the Sun will be in Gemini 152 377, and 
therefore that at its center the ecliptic is inclined 
toward the north, in an angle of C 10“: and that 
the viſible path of Venus on the Sun's diſe at 
that time declines to the ſouth, making an angle 
with the ecliptic of 82 28“: then the path of Venus 
will alto be inclined to the ſouth, with reipect to 
e equator, interſecting the parallels of declt- 

nation 
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nation at an angle of 22 18' *, Let us alſo ſuppoſe, 
that Venus, at the forementioned time, Will be at 
her leaſt diſtance from the Sun's center, viz, only 
four minutes to the ſouth; and that every hour 
ſhe will deſcribe a ſpace of 4 minutes on the Sun, 
with a retrograde motion. The Sun's ſemidiameter 
will be 15“ 51” nearly, and that of Venus 37. 
And let us ſuppoſe, for trial's fake, that the differ- 
ence of the horizontal parallaxes of Venus with the 
Sun (which we want) is 31“, ſuch as it comes out. 
if the Sun's parallax be ſuppoled 123%. Then, 
on the center C (Plate XV. Fig. 2.) let the little 
circle A B, repreſenting the Earth's diſc, be de- 
ſcribed, and let its ſemidiameter Ch be 31“; and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Pori-Nelſon) be 
drawn within it, in the manner now uſed by Aſtro— 
nomers for conſtructing ſolar eclipſes. Let B C 
be the meridian in which the Sun is, and to this, 
let the right line FIG, repreſenting the path of 
Venus, be inclined at an angle of 25 18”; and let 
it be diſtant from the center C 240 ſuch parts, 
whereof CB is 31. From C let fall the right line 
C H, perpendicular to FG; and ſuppoſe Venus to 
be at H at 55 minutes after V in the morning, 
Let the right line FHG be divided into the horary 
ſpace III IV, IV V, V VI, &c. each equal to CH; 
that is, to 4 minutes of a degree. Allo, let the 
right line LM be equal to the difference of the 


* This was an overſight in the Doctor, occaſioned by his 
placing both the Earth's axis BC (Fig. 2. of Plate XV.) and 
the Axis of Venus's orbit HJ on the ſame fide of the axis ot 
the ecliptic CK; the former making an angle of ( 100 there. 
with, and the latter an angle of 89 287; the difference of 
which angles is only 22 187, But the truth is, that the Earth's 
axis, and the axis of Venus's orbit, will then lie on different 
des of the axis of the ecliptic, the former making an angle 
of o therewith, and the latter an angle of 82 % I heretore, 
the ſum of theſe angles, which is 143 (and not their diffe- 


1ence 2 18˙% is the inclination of Venus's viſible path to the 


equator and paralicls of declination. 
apparent 


of the Planets from the Sun. 


apparent ſemidiameters of the Sun and Venus, 
which is 15“ 132; and a circle being deſcribed 
with the radius LM, on a center taken in any 
point within the little circle A B repreſenting the 
Earth's diſc, will meet the right line FG in a point 
denoting the time at London when Venus ſhall 
touch the Sun's limb internally, as ſeen from the 
place of the Earth's ſurface that anſwers to the 
point aſſumed in the Earth's diſc. And if a circle 
be deſcribed on the center C, with the radius LM, 
it will meet the right line FG, in the points Fand 
G; and the ſpaces FH and GH will be each equal 
to 14' 4“, which ſpace Venus will appear to paſs 
over in 3 hours 40 minutes of time at London; 
therefore, F will fall in II hours 15 minutes, and 
G in IX hours 35 minutes in the morning. Whence 
it is manifeſt, that if the magnitude of the Earth, 
on account of its immenſe diſtance, ſhould vaniſh 
as it were into a Point; or, if being deprived of a 


diurnal motion, it ſhould always have the Sun ver-, 


tical to the ſame point C; the whole duration of 
this eclipſe would be 7 hours 20 minutes. But the 


Earth in that time being whirled through 110 de- 


grees of longitude, with a motion contrary to the 
motion of Venus, and conſequently the abovemen- 
toned duration being contracted, ſuppoſe 12 mi- 
nutes, it will come out 7 hours 8 minutes, or 107 
degrees, nearly. 

Now, Venus will be at E, at her leaſt diſtance 
from the Sun's center, when in the meridian of 


the eaſtern mouth of the Ganges, where the altitude 


of the pole is about 22 degrees. The Sun there— 
fore will be equally diſtant from the meridian of 
that place, at the moments of the ingreſs and egreſs 
of the planet, viz. 534 degrees; as the points 4 
and 6 (repreſenting that place in the Earth's diſc 
4) are, in the greater parallel, from the meridian 
bv, Bat the diameter ef of that parallel will be 
to the diſtance 4, as the ſquare of the radius to 


tue rectapgle under the fines of 53% and 68 d.- 


grees; 
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grees; that is, as 1“ 27 to 46” 13“. And by a 


good calculation (which, that I may not tire the 


reader, it is better to.omit) I find, that a circle de- 

ſcribed on a as a center, with the radius LM, will 
meet the right line FH in the point M, at II hours 
20 minutes 40 ſeconds; but that being deſcribed 
round þ as a center, it will meet HG in the point 
N at IX hours 29 minutes 22 ſeconds, according 
to the time reckoned at London: and therefore, 
Venus will be feen entirely within the Sun at the 
banks of the Ganges for 7 hours 8 minutes 42 ſe- 
conds: we have then rightly ſuppoſed, thar the 

duration will be 7 hours 8 minutes, fince the part 
of a minute here is of no conſequence. 

But adapting the calculation to Port-Nelſon, I 
find, that the Sun being about to ſet, Venus will 
enter his diſc; and immediately after his riſing ſhe 
will leave the ſame. That place is carried in the 
intermediate time through the hemiſphere oppolite 
to the Sun, from c to d, with a wotion conſpiring 
with the motion of Venus; and therefore, the ſtay 
of Venus on the Sun will be about 4 minutes 
longer, on account of the parallax; ſo that it will 
be at leaſt 7 hours 24 minutes, or 111 degrees of 
the equator. And ſince the latitude of the place 
is 56 degrees, as the ſquare of the radius 1 is to the 
rectangle contained under the fines 55% and 34 
degrees, ſo is AB, which is 1 27, to c 7 which is 
287/0330 And if the calculation be juſtly made, 
it will appear that a circle deſcribed on Cc as a cen- 
ter, with the radius L M, will meet the right line 
FH in O at II hours 12 minutes 45 ſecopds; and 
that ſuch a circle, deſcribed cn d as a center, 
will meet ZG in P, at IX hours 36 minutes 37 
ſeconds; and therefore the duration at Fert- eln 
will be 7 hours 23 minutes 52 ſeconds, which | is 
greater than at the mo: my of the Ganges by 15 
minutes 10 ſeconds of time. But if Venus ſhould 
pals over the Sun 3 aging any latitus e, the 
diſterence would be 18 minutes 40 ſeconds; and 
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if ſhe ſhould paſs 4' north of the Sun's center, the 
difference would amount to 21 minutes 40 ſeconds, 
and will be ſtill greater, if the planet's north lati- 
tude be more increaſed. 

From the foregoing hypotheſis it follows, that 
at London, when the Sun riſes, Venus will have 
entered his diſc; and that, at IX hours 37 minutes 
in the morning, ſhe will touch the limb of the Sun 
internally in going off; and laſtly, that ſhe will not 
entirely leave the Sun till IX hours 56 minutes. 

It likewiſe follows from the ſame hypotheſis, 
that the center of Venus ſhould juſt touch the Sun's 
northern limb in the year 1769, on the third of 
June, at-XI o'clock at night. So that, on account 
of the parallax, it will appear 1n the northern parts 
of Norway, entirely within the Sun, which then 
does not ſet to thoſe parts; while, on the coaſts 
of Peru and Chili, it will ſeem to travel over a ſmall 
portion of the diſc of the ſetting Sun; and over 
that of the riſing Sun at the Molucca lands, and 
in their neighbourhood. But if the nodes of Ve— 
nus be found to have a retrograde motion (as there 
is ſome reaſon to believe from ſome later obſerva- 
tions they have) then Venus will be ſeen every 
| where within the Sun's diſc; and will afford a much 
better method for finding the Sun's parallax, by 
almoſt the greateſt difference in the duration of 
theſe eclipſes that can poſſibly happen. 

But how this parallax may be aeduced from 
obſervations made ſomewhere in the £a/i-1ndies, in 
the year 1761, both of the ingreſs aud egreſs of 
Venus, and compared with thoſe made in its going 
olf with us, namely, by applying the angles of a 
triangle given in ſpecie to the circumference of 
three equal circles, ſhall be explained on ſome 
other occaſion. 
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AA TI Ent W. 1 

Shewing that ile cobole method propoſed by the Da iin 
cannot be put in practice, and why. of 

27. In the above Diſſertation, the Doctor has our 
explained his method with great modeſty, and even Ml ©. 
with ſome doubtfulneſs with regard to its full ſuc. of | 
ceſs. For he tells us, that by means of this tranſit, 0 


the Sun's parallax may only be determined within 
its five hundredth part, provided it be not leſs than 1 
125”; that there may be a good obſervation made * 
at Pori-Nelſon, as well as about the banks of the A 
Ganges; and that Venus does not paſs more than 4 5 
minutes of a degree below the center of the Sun's ry 
diſc, —He has taken all proper pains not to raiſe our 
expectations too high, and yet, from his well-known ” 
abilities, and character as a great Aſtronomer, it — 
ſeems mankind in general have laid greater ſtreſs 1 
upon his method, than he ever defired them to do, by 
Only, as he was convinced it was the beſt method . 
by which this important problem can ever be 2 
ſolved, he recommended it warmly for that reaſon. 
He had not then made a ſufficient number of ob- ** 
fervations, by which he could determine, with cer- pe 
tainty; whether the nodes of Venus's orbit have any a 
motion; or if they have, whether it be back- 
ward or forward with reſpect to the ſtars. And 
conſequently, having not then made his own tables, 
he was obliged to calculate from the beſt that he 
could find. But thoſe tables allow of no motion to 
Venus's nodes, and . alſo reckon her conjunction 
with the Sun to be about halt an hour too late. 
28, But more modern obſervations prove, that 
the nodes of Venus's orbit have a motion back- 
ward, or contrary to the order of the figns, with 
reſpect to the fixed ſtars. And this motion is al- 
lowed for in the Doctor's tables, a great part 
of which were made from his own — 0 
2 Ap 
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And it appears by theſe tables, that Venus will be 
ſo much farther paſt her deſcending node at the 
time of this tranſit, than ſhe was paſt her aſcending 
node at her tranfit in November, 1539; that inſtead 
of paſſing only four minutes of a degree below the 
Sun's center in this, ſhe will paſs almoſt 10 minutes 
of a degree below it: on which account, the line 
of her tranſit will be ſo much ſhortened, as will 
make her paſſage over the Sun's diſc about an 
hour and 20 minutes leſs than if ſhe paſſed only 
4 minutes below the Sun's center at the middle of 
her tranſit. And therefore, her parallax from the 
Sun will be ſo much diminiſhed, both at the be- 
ginning and end of her tranſit, and at all places 
from which the whole of it will be ſeen, that the 
difference of its durations, as ſeen from them, and 
as ſuppoſed to be ſeen from the Earth's center, will 
not amount to 11 minutes of time. 

29. But this is not all: for although the tranſit 


will begin before the Sun ſets to Port-Nelſon, it will 


be quite over before he riſes to that place next 


morning, on account of its ending ſo much ſooner 
than as given by the tables to which the Doctor 


was obliged to truſt. So that we are quite de- 
prived of the advantage that otherwiſe would have 
ariſen from obſervations made at Port- Nelſon. 

30. In order to trace this affair through all its 


intricacies, and to render it as intelligible to the 


reader as I can, there will be an unavoidable ne- 
ceſſity of dwelling much longer upon it than I could 
otherwiſe wiſh, And as it is impoſſible to lay 
down truly the parallels of latitude, and the ſitua- 
tions of places at particular times, in ſuch a ſmall 
diſc of the Earth as muſt be projected in ſuch a 
ſort of diagram as the Doctor has given, ſo as to 
meaſure thereby the exact times of the beginning 
and ending of the tranſit at any given place, unlets 
the Sun's diſc be made at leaſt 30 inches diameter 
in the projection, and to which the Doctor did not 


quite truſt without making ſome calculations; 1 
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ſhall take a different method, in which the Earth's 
diſc may be made as large as the operator pleaſes: 
but if he makes it only 6 inches in diameter, he 
may meaſure the quantity of Venus's parallax from 
the Sun upon it, both in longitude and latitude, 
to the fourth part of a ſecond, for any given time 
and place; and then, by an eaſy calculation in the 
common rule of three, he may find the effect of 
the parallaxes on the duration of the cranſit. In 
this, I ſhall firſt ſuppoſe with the Doctor, that the 
Sun's horizontal parallax is 1247; and conſequently, 
that Venus's horizontal parallax from the Sun is 
31“. And after projecting the tranſit, ſo as to find 
the total effect of the parallax upon its duration, 
I ſhall next ſhew how nearly the Sun's real parallax 
may be found from the obſerved intervals between 
the times of Venus's egreſs from the Sun, at par- 
ticular places of the Earth; which is the method 
now taken both by the Engliſh and French Aſtro: 
nomers, and is aſurer way whereby to come at the 
real quantity of the Sun's parallax, than by obſeru- 
ing how much the whole contraction of duration 
of the tranſit is, either at Bencoolen, Batavia, or 


Pondicherry. 


ARTICLE v. 


Shewing tow to project the tranſit of Venus on the Sun's 
di c, as feen from different places of the Earth; ſo as 
to jind what its viſible duration muſt be at any given 
place, according to any aſſumed parallav of the Sun; 
and from the ovſerved intervals between the times of 
Vens's egreſs from the Sum at particular places, to 
find the yun's true horizontal parallax. 


31. The elements for this projection are as fol- 

los: 

{. The true time of conjunction of the Sun and 
Venus; which, as ſeen from the Earth's center, 
and recxoned according to the equal time at 
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London, is on the 6th of June 1561, at 46 mi- 
nutes 17 ſeconds after V in the morning, accord- 
ing to Dr. HALLEV's tables. 

II. The geocentric latitude of Venus at that time, 
9“ 43” ſouth. 

III. The Sun's ſemidiameter, 15” 50“. 

IV. The ſemidiameter of Venus (from the Doctor's 
Diſſertation) 371“. 

V, The difference of the ſemidiameters of the Sun 
and Venus, 15“ 124”. 

VI. Their ſum, 10' 272“. 

VII. The viſible angle which the tranſit-line makes 
with the ecliptic, 85 31“; the angular point (or 
deſcending node) being 196.0187 caſtward from 
the Sun, as ſeen from the Earth; the deſcend- 
ing node being in 7 14 297 37” as ſeen from 
the Sun; and the Sun in H 15 35“ 55“, as 
{cen from the Earth. 

VIII. The angle which the Axis of Venus's viſible 
path makes with the axis of the ecliptic, 8 2173 


the ſouthern half of that axis being on the left 


hand (or eaſtward) of the axis of the ecliptic, 
as ſeen from the northern hemiſphere of the 
Earth, which would be to the right hand, as 
ſeen from the Sun. 

IX. The angle which the Earth's axis makes with 
the axis of the ecliptic, as ſeen from the Sun, 
60; the ſouthern half of the Earih's axis lying 
to the right hand of the axis of the eclipric, in 
the projection, which would be to the left hand, 
as ſeen trom the Sun. 

X. The angle which the Earth's axis makes with 
the axis of Venus's viſible path, 14" 31“; viz. 
the Sum of Ne VIII. and IX. 

XI. The true motion of Venus on the Sun, given 
by the tables as if it were ſeen from the Earth's 
center, 4 minutes of a degree 1 in 60 minutes of 
time. 
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32. Theſe elements being collected, make x 
ſcale of any convenient length, as that of Fig. 1, 
in Plate XVI. and divide it into 17 equal parts, 
each of which ſhall be taken for a minute of a de- 
gree; then divide the minute next to the left 
hand into 60 equal parts for ſeconds, by diagonal 
lines, as in the figure. The reaſon for dividin 
the ſcale into 17 parts or minutes is, becauſe the 
ſum of the ſemidiameters of the Sun and Venus 
exceeds 16 minutes of a degree. See Ne VI. 

33. Draw the right line ACG (Fig. 2.) for a 
ſmall part of the ecliptic, and perpendicular to it 
draw the right line CvE for the axis of the ecliptic 
on the ſouthern half of the Sun's diſc. | 

34+ Take the Sun's ſemidiameter, 15” 50”, from 
the ſcale with your compaſſes; and with that ex- 
tent, as a radius, ſet one foot in C as a center, 
and deſcribe the ſemicircle A EG for the ſouthern 
half of the Sun's diſc; becauſe the tranſit is on 

35. Take the geocentric latitude of Venus, 9/ 
43”, from the ſcale with your compaſſes; and et 
that extent from C to v, on the axis of the ecliptic: 


and the point v ſhall be the place of Venus's cen- 


ter on the Sun, at the tabular moment of her con- 
junction with the Sun, 

36. Draw the right line CBD, making an angle 
of 8931“ with the axis of the ecliptic, toward 
the left hand; and this line ſhall repreſent the axis 
of Venus's geocentric viſible path on the Sun. 

37. Through the point of the conjunction v, in 
the axis of the ecliptic, draw the right line ir for 
the geocentric viſible path of Venus over the Sun's 
diſc, at right angles to CBD, the axis of her orbit, 
which axis will divide the line of her path into 
two equal parts q# and r. 

38. Take Venus's horary motion on the Sun, 
4', from the ſcale with your compaſſes; and with 
that extent make marks along rhe tranſit line q #7. 
The equal ſpaces, from mark to mark, ſhew a. 

muc 
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much of that line Venus moves through in each 
hour, as ſeen from the Earth's center, during her 
continuance on the Sun's diſc. 

39. Divide each of theſe horary ſpaces, from 
mark to mark, into 60 equal parts for minutes of 
time; and ſet the hours to the proper marks in ſuch 
a manner, that the true time of conjunction of the 
Sun and Venus, 46 minutes after V in the morn- 
ing, may fall into the point v, where the tranſit- 
line cuts the axis of the ecli ptic. So the point v 
ſhall denote the place of Venus's center on the 
Sun, at the inſtant of her ecliptical conjunction 
with the Sun, and z (in the axis Cz D of her orbit) 
will be the middle of her tranſit; which is at 24 
minutes after V in the morning, as ſeen from the 
Earth's center, and reckoned by the equal time at 
London. 

40. Take the difference of the ſemidiameters of 
the Sun and Venus, 15” 12/5, in your compaſles 
from the ſcale; and with that extent, ſetting one 
foot in the Sun's center C, deſcribe the arcs V and, 
T with the other, croſſing the tranſit-line in the 
points and; which are the points on the Sun's 
diſc that are hid by the center of Venus at the mo- 
ments of her two internal contacts with the Sun's 
limb or edge, at M and Ne the former of theſe is 
the moment of Venus's total ingreſs on the Sun, 
as ſeen from the Earth's center, which 1s ar 28 
minutes after II in the morning, as reckoned at 
London; and the latter is the moment wizen her 
egreſs from the Sun begins, as ieen from the Larth's 
center, which is 20 minutes after VIII in the norn- 
ing at London. The interval between theie two 
contacts is 5 hours 52 minutes. 


41. The central ingreſs of Venus on the Sun is 


the moment when her center is on the Sun's eaſtern 
limb at u, which is at 15 minutes after II in the 
morning; and her central egreis from the Sun is 
the moment when her center is on the Sun's weſtern 
limb at w; which is at 33 minutes after VIII in 
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the morning, as ſeen from the Earth's center, and 
reckoned according to the time at London. The 
internal between theſe times is 6 hours 18 minutes. 

442. Take the ſum of the ſemidiawerers of the 
Sun and Venus, 16“ 27%, in your compaſſes from 
the ſcale; and with that extent, ſetting one foot in 
the Sun's center C, deſcribe the arcs Land R with 
the other, cutting the tranſit- line in the points 7 and 
7, Which are the points in open ſpace (clear of the 
Sun) where the center of Venus is, at the moments 
of her two external contacts with the Sun's limb 
at 8 and V; or the moments of the beginning and 
ending of the tranſit, as ſcen from the Earth's cen- 
ter; the former of which i is at 3 minutes after Il in 
the morning at London, and the latter at 45 mi— 
nutes after VIII. The interval between theſe mo— 
ments is 6 hours 42 minutes. 

43. Take the ſemidiameter of Venus 37“ Z, in 
your compaſſes from the ſcale: and with that ex- 
tent as a radius, on the points 9, &, t, I, r, as cen- 
ters, ceſcribe the circles H&S, MI, OF PN, Y. 
for the diſc of Venus, at her firſt contact at 8, ber 
total ingreſs at M, her place on the Sun at the 
middle of her tranſit, her beginning of egreſs at N, 
and her laſt contact ar W. 

44. Thoſe who have a mind to project the Earth's 
diſc on the Sun, round the center C, and to lay 
down the parallels of latitude and ſituations of places 
thereon, according to Dr. HaLLsy's method, may 
draw Cf for the axis of the Earth, produced to the 
ſouthern edge of the Sun at f; and making an 
angle E Of of 6? with the axis of the ecliptic CE: 


but he will find it very difficult and uncertain to 


mark the places on that diſc, unleſs he makes the 
Sun? s ſemidiaineter AC 15 inches at leaft : : other- 
wiſe the line C Cf is of no uſe at all in this projec- 
tion.—The following method is better. 

45. In Fig, 3. of Plate XVI. make the line A B 
of any convenient length, and divide it into 31 


equal parts, each of v which may be taken for a ſecond 
” of 
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of Venus's parallax either from or upon the Sun 
(her horizontal parallax from the Sun being ſup- 
poſed to be 31“); and taking the whole length 
AB in your compalles, ſet one foot in C (Fig. 4.) 
as a center, and deſcribe the circle AE B D for the 
Earth's enlightended diſc, whoſe diameter is 62“, or 
double the horizontal parallax of Venus from the 
Sun. In this diſc, draw A C for a ſmall part of 
the ecliptic, and at right angles to it draw E C D 
for the axis of the ecliptic. Draw alſo VCS both 
for the Earth's axis and univerſal ſolar meridian, 
making an angle of & with the axis of the ecliptic, 
as ſeen from the Sun; HCI for the Axis of Venus's 
orbit, making an angle of 89 31“ with ECD, the 
axis of the ecliptic; and laſtly, VCO for a ſmall 
part of Venus's orbit, at right angles to its axis. 
46. This figure repreſents the Earth's enlight- 
ened diſc, as ſeen from the Sun at the time of the 
tranſit, The parallels of latitude of London, the 


eaſtern mouth of the Ganges, Bencoolen, and the 
jſland of $7. Helena, are laid down in it, in the 


ſame manner as they would appear to an obſerver 
on the Sun, if they were really drawn in circles on 
the Earth's ſurface (like thoſe on a common ter- 
reſtrial globe) and could be vilible at ſuch a diſ- 
tance. — The method of delineating theſe parallels 
is the ſame as already deſcribed in the XIXth Chap- 
ter, for the conſtruction of ſolar eclipſes. 

47. The points where the curve-lines (called 
hour-circles) XI N, X N, &c. cut the parallels of 
latitude, or paths of the four places above-men- 


tioned, are the points at which the places them- 


{-lves would appear in the diſc, as ſeen from the 
Sun, at theſe hours reſpectively. When either 
places comes to the ſolar meridian N C S by the 
Earth's rotation on its axis, it is noon at that place; 
and the difference, in abſolute time, between the 
noon at that place and the noon at any other place, 
is in proportion to the difference of longitude of 
theſe two places, reckoning one hour for every 15 

degrees 
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degrees of longitude, and 4 minutes for each de. 


gree : adding the time if the longitude be eaſt, 
but ſubtracting it if the longitude be weſt. 

48. The diſtance of either of theſe places from 
HCI (the axis of Venus's“ orbit) at any hour or 


part of an hour, being meaſured upon the ſcale - 


AB in Fig. 3. will be equal to the parallax of 
Venus from the Sun in the direction of her path; 
and this parallax, being always contrary to the po- 
ſition of the place, is eaſtward as long as the place 
keeps on the left hand of the axis of the orbit of 


Venus, as ſeen from the Sun ; and weſtward when 


the place gets to the right hand of that axis. So 
that, to all the places which are poſited in the he- 
miſphere HV of the diſc, at any given time, 
Venus has an eaſtern parallaxz but when the 
Earth's diurnal motion carries the fame places into 
the hemiſphere HO, the parallax of Venus is 
weſtward. 25 
49. When Venus has a parallax toward the eaſt, 
as ſeen from any given place on the Earth's ſur- 


face, either at the time of her total ingreſs or be- 


ginning of egreſs, as ſeen from the Earth's center; 
add the time anſwering to this parallax to the time 
of ingreſs or egreſs at the Earth's center, and the 
ſum will be the time, as ſeen from the given place 


on the Earth's ſurface : but when the parallax is 


weſtward, ſubtract the time anſwering to this paral- 
lax from the time of total ingreſs or beginning of 
egreſs, as ſeen from the Earth's center, and the re- 
mainder, will be the time, as ſeen from the given 
place on the ſurface, ſo far as it is affected by this 
parallax.—The reaſon of this is plain to every one 


* Tn a former edition of this, I made a miſtake, in taking 
the parallax in longitude inſtead of the parallax in the direc- 


tion of the orbit of Venus; and the parallax in latitude in- 


ſtead of the parallax in lines perpendicular to her orbit, But 
in this edition, theſe errors are corrected ; which make ſome 
ſmall differences in the quantities of the parallaxes, and in 
the times depending on them; as will appear by comparing 
them in this with thoſe in the former edition. 


who 
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who conſiders, that an eaſtern parallax keeps the 
planer back, and a weſtern parallax carries it for- 
ward, with reſpect to its true place or poſition, at 
any inſtant of time, as ſeen from the Earth's center. 

50. The neareſt diſtance of any given place from 
„CO, the plane of Venus's orbit at any hour or 
part of an hour, being meaſured.on the ſcale A B 
in Fig. 3. will be equal to Venus's parallax in lines 
perpendicular to her path; which is northward 
from the true line of her path on the Sun, as ſeen 
from the Earth's center, if the given place be on the 
ſouth fide of the plane of her orbit V CO on the 
Earth's diſc ; and the contrary, if the given place 
be on the north fide of that plane; that is, the paral- 
lax is always contrary to the ſituation of the place on 
the Earth's diſc, with reſpect to the plane of Ve- 
nus's orbit on 1t. 

51. As the line of Venus's tranſit is on the 
ſouthera hemiſphere of the Sun's diſc, it is plain 


that a northern parallax will cauſe her to deſcribe 
a longer line on the Sun, than ſhe would if ſhe 


had no ſuch parallax ; and a ſouthern parallax will 
cauſe her to deſcribe a ſhorter line on the Sun, than 
if ſhe had no ſuch parallax. —And the longer this 
line is, the ſooner will her total ingreſs be, and the 
later will be her beginning of egreſs ; and juſt the 
contrary, if the line be ſhorter. —But to all places 
ſituated on the north fide of the plane of her orbit, 
in the hemiſphere V HO, the parallax in lines per- 
pendicular to her orbit is ſouth ; and to all places 
ſituated on the ſouth fide of the plane of her orbit, 
in the hemiſphere V TO, this parallax is north. 
Therefore, the line of the tranfit will be ſhorter 
to all places in the hemiſphere T HO, than it 


will be, as ſeen from the Earth's center, where 


there is no parallax; and longer to all places in 
the hemiſphere Y TO. So that the time anſwering 
to this parallax muſt be added to the time of total 
ingreſs, as ſeen from the Earth's center, and ubtract- 


ed from the beginning of egrels, as ſeen from the 


Earth's 


475 


ö 
} 
1 
} 
| 
: 
f 


6 


The Method of finding the Diſtances 


Earth's center, in order to have the true time of 
total ingreſs and beginning of egreſs as ſeen from 
places in the hemiſphere / HO: and juſt the reverſe 
for places in the hemiſphere IO. It was proper to 
mention theſe circumſtances, for the reader's more 
eaſily conceiving the reaſon of applying the times 
anſwering to thele parallaxes in the ſubſequent part 
of this article : for it is their ſum in ſome caſes, 
and their difference in others, which being applied 
to the times of total ingreſs and beginning of 
egreſs, as ſeen from the Earth's center, that will 


give the times of theſe phenomena as ſeen from given 


places on the Earth's ſurface. 
5 2. Toe angle which the Sun's ſemidiameter 
ſubtends, as ſeen from the Earth, at all times of 


the year, has been ſo well aſcertained by late ob- 


ſervations, that we can make no doubt of its being 
15 50“ on the day of the tranſit ; and Venus's lati- 


tude has alſo been fo well aſcertained at many dif- 


ferent times of late, that we have very good rea- 
ſon to believe it will be 9” 43“ ſouth of the Sun's 
center, at the time of her conjunction with the 
Sun,—lf then her ſemidiameter at that time be 
37% (as mentioned by Dr. HALLEY) it appears 
by the projection (Fig. 2.) that her total ingreſs on 
the Sun, as ſeen from the Earth's center, will be 
at 28 minutes after II in the morning ($ 40.), and 
her beginning of egreſs from the Sun will be 20 
minutes after VIII, according to the time reckon- 
ed at London, - 

53. As the total ingreſs will not be viſible at 
London, we ſhall not here trouble the reader about 
Venus's parallax-at that time,—Bat by projecting 
the ſituation of London on the Earth's diſc (Fig. 4) 
for the time when the egreſs begins, we find it will 


then be ar J, as ſeen from the Sun. 


Draw 1d parallel to Venus's orbit /CO, and J 
perpendicular to it: the former is Venus's eaſtern 
parailax in the direction of her path at the begin— 
ning of her cgreſs from the ſun, and the latter 15 
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her ſouthern parallax in a direction at right angles 
to her path at the ſame time. Take theſe in your 
compaſſes, and meaſure them on the ſcale 4 
(Fig. 3.) and you will find the former parallax to 
be 10/'Z, and the latter 21“. 

54. As Venus's true motion on the Sun is at the 
rate of 4 minutes of a degree in 60 minutes of 


time (See Ne XI. of § 31.) fay, as 4 minutes of a 
degree is to 60 minutes of time, ſo is 10/34 of a 


degree to 2 minutes 41 ſeconds of time ; which 


being added to VIII hours 20 minutes (becauſe 
this parallax is eaſtward, § 49.) gives VIII hours 
22 minutes 41 ſeconds, for the beginning of eofeſs 
at London, as affected only by this parallax. But 
as Venus has a ſouthern parallax at that time, her 
beginning of egreſs will be ſooner; for this parallax 
ſhortens the line of her viſible tranſit at London, 
55, Take the diſtance C7 (Fig. 2.), or neareſt ap- 
proach of the centers of the Sun and Venus, in your 
compaſſes, and meaſure it on the ſcale (Fig. 1.), 
and it will be found to be 9“ 3673 ; and as the pa- 
rallax of Venus from the ſun in a direction which is 
at right angles to her path is 21/4 ſouth, add it to 
9“ 36%, and the ſum will be g' 58”; which is to 
be taken from the ſcale in Fig. 1. and ſet from C 
to Lin Fig. 2. And then, if a line be drawn pa- 
rallel to? 1, it will terminate at the point p in the arc 
T, where Venus's center will be at the beginning of 
her egreſs, as ſeen from London. But as her center 
is at / when her egreſs begins as ſeen from the 
Earth's center, take Lp in your compaſſes, and 


ſetting that extent from : toward! on the central 


tranſit line, you will find it to be 5 minutes ſhorter 
than f J. therefore ſubtract 5 minutes from VIII hours 
22 minutes 41 ſeconds, and there will remain VIII 


*The reaſon why the line o L p, 4 B et, and 7 +. which are 
the vilible tranſits at London, the Ganges month, Bexcobſen, and 
Se. H-ena, ate not parallel to the central traniit-line 47 % is, 
becaute the parallaxes in latitude are diſterent at the times of 
in reſs and egreſs, as fern from each of theſe places. The 
method of drawing tlicte lines will be ſhewn by aid by. | 


hours 
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hours 17 minutes 41 ſeconds for the vifible begin- 
ning of egreſs in the morning at London, 

56. At V hours 24 minutes (which is the mid- 
dle of the tranſit, as ſeen from the Earth's center) 
London will be at L 'on the Earth's diſc (Fig. 4.) 
as ſeen from the Sun. The parallax La of Venus 
from the Sun in the direction of her path is then 
12/3; by which, working as above directed, we 
find the middle of the tranſit, as ſeen from London, 


will be at V hours 20 minutes 53 ſeconds. —This 


is not affected by Lt the parrallax at right angles to 
the path of Venus. But L 7 meaſures 27“ on the 
ſcale 435 (Fig. 3.) : therefore take 27“ from the ſcale 
in Fig. 1. and ſer it from f to L, on the axis of 
Venus's path in Fig. 2. and laying a ruler to the 
point L, and the above found point of egreſs p, draw 


o Lp for the line of the tranſit as ſeen from London. 


57. The eaſtern mouth of the river Ganges is 89 
degrees eaſt from the meridian of London; and 
therefore, when the time at London is 28 minutes 
after II in the morning (S 40.) it is 24 minutes paſt 


VIII in the morning (by Q 47.) at the mouth of 


the Ganges; and when it is 20 minutes paſt VIII 
in the morning at London (& 40.) it is 16 minutes 
Paſt II in the afternoon at the Ganges. Therefore, 
by projecting that place upon the Earth's diſc, as 
ſeen from the Sun, it will be at G (in Fig. 4.) at 
the time of Venus's total ingreſs, as ſeen from the 
Earth's center, and at g when her egreſs begins. 
Draw Ge and ge parallel to the orbit of Venus 
VCO, and meaſure them on the ſcale AB in Fig. 3. 
the former will be 21“ tor Venus's eaſtern parallax 
in the direction of her path, at the above-mentioned 
time of her total ingreſs, and the latter will be 16"; 
for her weſtern parallax at the time when her egreſs 
begins.—The former parallax gives 5 minutes 15 
ſcconds of time (by the analogy in & 54.) to be 
added to VIII hours 24 minutes, and the latter pa- 
rallax gives 4 minutes 11 ſeconds to be ſubtracted 
from Il hours 16 minutes; by which we have VIII 
| 5 hours 
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hours 29 minutes 15 ſeconds, for the time of total 
ingreſs, as ſeen from the banks of the Ganges, and II 
hours 11 minutes 49 ſeconds for the beginning of 
egreſs, as effected by theſe parallaxes. 

Draw G perpendicular to Venus's orbit YO C, 
and by meaſurement on the ſcale A B (Fig. 3.) is 
will be found to contain 10“: take 10“ from the 
ſcale in Fig. 1. and find, by trials, a point c, in the 
arch N, where, if one foot of the compaſſes be 


placed, the other will juſt touch the central tran- 


fit line & I. Take the neareſt diſtance from this point 
c to CL, the axis of Venus's orbit, and applying 
it from t toward &, you will find it fall a minute 
ſhort of &; which ſhews, that Venus's parallax 
in this direction ſhortens the beginning of the line 
of her viſible tranſit at the Ganges by one minute 
of time. Therefore, as this makes the viſible in- 
greſs a minute later, add one minute to the above 


VIII hours 29 minutes 15 ſeconds, and it will give 
VIII hours 30 minutes 15 ſeconds for the time of 


total ingreſs in the morning, as ſeen from the eaſ- 
tern mouth of the Ganges. At the beginning of 
egreſs, the parallax g p in the ſame direction is 24 
(by meaſurement on the ſcale A B), which will pro- 


tract the beginning of egreſs by about 30 ſeconds 


of time, and mult therefore be added to the above 
I! hours 11 minutes 49 feconds, which will make 
the viſible beginning of egreſs to be at II hours 12 
minutes 19 ſeconds in the afternoon. 

58. Bencoolen is 102 degrees eaſt from the meri- 
dian of London; and theretore, when the time 1s 


28 minutes paſt II in the morning at London, it is 


16 minutes paſt IX in the morning at Bencoolen ; 
and when it is 20 minutes paſt VIII in the morn- 
ing at London, it is 8 minutes paſt III in the after 
noon at Bencoolen, Therefore, in Fig. 4. Bencoolen 
will be at B at the time of Venus's total ingrels, as 


ſeen from the Earth's center; and at & When her 


egreſs begins. 


Draw 


479 


480 The Method of finding the Diſtances 
Draw Bi and 5 & parallel to Venus's orbit TCO, 


and meaſure them on the ſcale : the former will be * 
found to be 22“ for Venus's eaſtern parallax in the te 
direction of her path at the time of her total in- ſt 
greſs; and the latter to be 19/ for her weſtern ſe 
parallax in the ſame direction when her egreſs be- Wn 
gins, as ſeen from the Earth's center. The firſt of t 
theſe parallaxes gives 5 minutes 30 ſeconds (by the 3 
analogy in 8 54.) to be added to IX hours 16 mi- d 
nutes, and the latter parallax gives 4 minutes 52 ſe- CC 
conds to be ſubtracted from III hours 8 minutes; gl 
whence we have IX hours 21 minutes 3o ſeconds 
for the time of total ingreſs at Bencoolen: and III to 
hours and 3 minutes 8 ſeconds for the time when th 
the egreſs begins there, as affected by theſe two b. 
parallaxes. : be 
59. Draw By and bm perpendicular to Venus's 5 
orbit VCO, and meaſure them oa the ſcale A B: the 22 
former will be 57 for Venus's northern parallax in ' te. 
a direction perpendicular to her path, as ſeen from ef 
Bencoolen, at the time of her total ingreſs; and the tu 


latter will be 15/4 for her northern parallax in that 
direction when her egreſs begins. Take theſe pa- Ge 


rallaxes from the ſcale, Fig. 1. in your compaſſes, 18 
and find, by trials, two points in the arcs N and 7 I mi 
(Fig. 2.) where if one foot of the compaſſes be La 
placed, the other will touch the central tranſit line as 


: draw a line from a to b, for the line of Venus's 
tranſit as ſeen from Bencoolen; the center of Venus 
being at a, as ſeen from Bencoolen, at the moment 
of her total ingreſs ; and at 6 at the moment when 
her egreſs begins. ee. 
But as ſeen from the Earth's center, the center 
of Venus 1s at & in the former caſe, and art / inthe 
latter: fo that we find the line of the tranſit is 
longer as ſeen from Bencoolen than as ſeen from the 
Earth's center, which is the effect of Venus's nor- 
| thern parallex.— Take B a in your compaſſes, and 
ſetting that extent backward from f toward g, on 
the central tranſit-line, you will find it will reach 
two minutes beyond &: and taking the extent BY 
> 10 
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your compaſles, and ſetting it forward from : to- 
ward z, on the central tranfit-line, it will be found 
to reach 3 minutes beyond J. Conſequently, if we 
ſubtract 2 minutes from IX hours 21 minutes 30 


ſeconds (above found), we have IX hours 19 mi- 


nutes 30 ſeconds, in the morning, for the time of 
total ingreſs, as ſeen from Bencoolen : and if we add 
3 minutes to the above found III hours 3 minutes 
8 ſeconds, we ſhall have III hours 6 minutes 8 ſe- 
conds afternoon, for the time when the egreſs be- 
gins, as ſeen from Bencoolen. 

60. The whole duration of the tranſit, from the 
total ingreſs to the beginning of egreſs, as ſeen from 
the Earth's center, is 5 hours 52 minutes (by & 40.) 
but the whole duration from the total ingrels to the 
beginning of egreſs, as ſeen from Bencoolen, is only 
5 hours 46 minutes 38 ſeconds ; which is 5 minutes 
22 ſeconds leſs than as ſeen from the Earth's cen- 
ter: and this 5 minutes 22 ſeconds is the whole 


effect of the parallaxes (both in longitude and lati- 


tude) on the duration of the tranſit at Bencoolen. 
But the duration, as ſeen at the mouth of the 

Ganges, from ingreſs to egreſs, is ſtill leſs ; for it 

is only 5 hours 42 minutes 4 ſeconds : which is 9 


minutes 56 ſeconds leſs than as ſeen from the 


Larrh's center, and 4 minutes 34 feconds leſs than 
as ſeen at Bexcoolen, 

61, The iſland of Sf. Helena (to which only a 
ſmall pirt of the tranſit is viſible at the end) will 
be at (as in Fig. 4+) when the egreſs why i as 


ſeen from the Earth's center. And fince the mid- 


dle of that iſland is 6* weſt from the meridian of 
London, and the faid egreſs begins when the time 
at London is 20 minutes paſt VIII in the morning, 
It will then be only 56 minutes paſt VII in the 
morning at St. Helena. 

Draw Hu parallel to Venus's orbit VC 0, and 
Ho perpendicular to it; and by meaſuring them on 
the ſcale AB (Fig. 3.) the former will be found to 


amount to 29/ for Venus's eaſtern parallax in the 
I 1 direction 
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direction of her path, as ſeen from S.. Helena, when 


her egreſs begins, as ſeen from the Earth's center; 


and the latter to be 67 for her northern parallax in 
a direction at right angles to her path. 
By the analogy in § 54, the parallax in the direc. 


tion of the path of Venus gives 10 minutes 2 ſe 


conds of time; which being added (on account of 
its being eaſtward) to VII hours 56 minutes, gives 
VIII hours 6 minutes 2 ſeconds tor the beginning 
of egreſs at St. Helena, as affected by this parallax, 


— But 6/ of parallax in a perpendicular direction to 


her path (applied as in the cafe of Bencoolen) length- 
ens out the end of the tranſit-line by one minute; 
which being added to VIII hours 6 minutes 2 ſe- 


conds, gives VIII hours 7 minutes 2 ſeconds for the 


beginning of egreſs, as ſeen from St. Helena. 


62. We ſhall now collect the above-mentioned / 


times into a ſmall table, that they may be ſeen at 
once, as follows: M ſignifies morning, A afternoon. 


Total ingreſs. Beg. ofegreſs. Duration. 

H. M. 8. H. M. 8. H. M. 8. 

The Earth's center II. 28 VIII 20 oM|; 52 O 
London Inviſible. MVIII 17 a1Mſ— — — 
The Ganges mouth VIII 30 15 II 12 19 415 42 4 
Bencoolen = = IX 19 3z0 H III 6 84A 46 38 
St. Helena - UInviſible. MIVUI 7 2 


A 


— 


63. The times at the three laſt- mentioned places 
are reduced to the meridian of London, by ſub- 
tracting 5 hours 56 minutes from the times of in- 


greſs and egreis at the Ganges; 6 hours 48 mi- 
nutes from the times at Bencoolen; and adding 24 


* This duration, as feen from the Earth's center, is on ſup— 
poſition that the ſemidi meter of Venus would be found equal 
ro 3774, on the Sun's diſe, as ſtated by Dr. alley (lee Art. V. 
$ 31.) to which all the other durations are accommodated,— 


Bur, from later obſervations, it is highly probable, that the 


femidiameter of Venus «Hl be found not to exceed 30“ on the 
Sun; ana t fo, the duration between the two internal con- 
tacts, as ſcen fro the Earth's center, will be 5 hours 58 


minutes; and the duration, as ſeen from the above-mentioned 
places, «ill be lengthened very nearly in the ſanie proportion. 
minutes 
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minutes to the time of beginning of egreſs at 


St. Helena: and being thus reduced, they are as 
follows: 


Total ingreſs Beg. * 
| H. M. 8. H. 8. 
Times at j Ganges mouth II 34 15M VIII _ 19H) Dura- 
London |} Bencoolen - II 31 30H VIII 18 8M þ tions as 
for St. Helena = inviſible M | VIII 3: 2M) above. 


64. All this is on ſuppoſition, that we have the 


true longitudes of the three laſt-mentioned places, - 


that the Sun's horizontal parallax is 12/4 that the 
true latitude of Venus is given, and that her ſemi- 
diameter will ſubtend an angle of 37“ 1 on the Sun's 
diſc. 

As for the longitudes, we muſt ſuppoſe them 
true, until the obſervers aſcertain them, which is 
a very important part of their buſineſs ; and with- 
out which they can by no means find the interval 
of abſolute time that elapſeth between either the 
ingreſs or egreſs, as ſeen from any two given places: 
and there is much greater dependance to be had 
on this elapſe, than upon the whole contraction of 
duration at any given place, as it will undoubtedly 
afford a ſurer baſis for determining the Sun's pa- 
rallax. 

. 65. I have good reaſon to believe, that the lati- 
1. © tude of Venus, as given in 31, will be found by 
i. J obſervation to be very near the truth; but that the 


4 I fie of conjunction there mentioned will be found 


later than the true time by almoſt 5 minutes; that 
iy Venus's ſemidiameter will ſubtend an angle of no 
nal more than 30“ on the Sun's diſc ; and that the 
middle of her tranſit, as ſeen from the Earth's 
center, will be at 24 minutes after V in the morn- 
the 
the ing, as reckoned by the equal time at London. 
on- 66. Subtract VIII hours 17 minutes 41 ſeconds, 
che time when the egreſs begins at London, from 
den VIII hours 31 minutes 2 ſeconds, the time reckoned 
10N» 
nes London when the egreſs begins at St. Helena, and 


Iiz there 
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there will remain 13 minutes 21 ſeconds (or 801 
ſeconds) for their difference, or elapſe, in abſolute 


theſe two places. 
Divide 801 ſeconds by the Sun's parallax 12“, 


and the quotient will be 64 ſeconds and a ſmall 
fraction. So that for each ſecond of a degree in 
the Sun's horizontal parallax (ſuppoſing it to be 
124) there will be a difference or elapſe of 64 ſe. 
ela of abſolute time between the beginning of 
egreſs as ſeen from London, and as ſeen from St. 
Helena ; and conſequently 32 ſeconds of time for 
every half ſecond of the Sun's parallax ; 16 ſeconds 
of time for every fourth part of a ſecond of the 
Sun's parallax; 8 ſeconds of time for the eighth 
part of a ſecond of the Sun's parallax ; and full 4 
ſeconds for a ſixteenth part of the Sun's parallax, 
For, in fo ſmall an angle as that of the Sun's pa- 
rallax, the arc is not lenſibly different from either 
its ſine or its tangent: and therefore, the quantity 
of this parallax 1s in direct proportion to the abſo- 
lute difference in the time of egreſs ariſing from 
it, at different parts of the Earth. 

67. Therefore, when this difference is aſcertained 

by good obſervations, made at different places, and 
compared together, the true quantity of the Sun's 
parallax will be very nearly determined. For, 
ſince it may be preſumed that the beginning of 
egreſs can be obſerved within 2 ſeconds of its real 
time, the Sun's parallax may be then found within 
the 322d part of a ſecord of its true quantity; and 
con ſequentiy 5 his Giſtance may be found within a 

 40oth par! of the whole, provided bis parallax be 
not leſe than 2 f; for 32 times 124 is 400. 

62. But ſince Dr. HalLzT has aflured us, 
that he had oblerved He two internal contact 
of the planet y with the. Sun's edge 10 
exactly, as not to err one ſecond in the time, We 

it the internal contacts 0 


EE a © ai 2 
wah Wel imagine that 
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great accuracy. So that we may hope to have the 


abſolute interval between the moments of her be- 
ginning of egreſs, as ſeen from London and from 
St. Helena, true to a ſecond of time; and if fo, the 
Sun's parallax may be determined to the 64th part 
of a ſecond, provided it be not leſs than 12: 
and conſequently his diſtance may be tound, within 
its 800th part; for 64 times 124 is 800: which 
is ſtill nearer the truth than Dr. HALLEY expected 
it might be found, by obſerving the whole dura- 
tion of the tranſit in the Eaſt-Indies and at Port- 
Nelſon. So that our preſent Aſtronomers have ju— 
diciouſly reſolved to improve the Doctor's method, 
by taking only the interval between the abſolute 
times of its ending at different places. It the 
Sun's parallax be greater or leſs than 12“, the 
elapſe or difference of abſolute time between rhe 
beginning of egreſs at London and St. Helena, will 
be found by obſervation to be greater or lels than 
tor ſeconds accordingly. 

69. There will alſo be a great difference between 
the abſolute times of. egrels at Sf. Helena and the 
northern parts of R], which would make theſe 
places very proper for obſervation. Lhe difference 
between them at Tobol/ſe in Siberia and at St. Helena 
will be 11 minutes, according to De L'IsCE's map: 
at Archangel it will be but about 40 ſeconds leſs 
than at To; and only a minute and a quarter 
leſs at Peterſburg, even if the Sun's parallax be no 
more than 10%. Ar Wardbus the fame advantage 
would neany be gained as at Tobolſ# ; but it the ob- 
ſervers could go ſtill farther to the ealt, as to Za— 
kit in Siberia, the advantage would be Kill 
greater: for, as M. Ds L'IsTE very juſtly oblerves, 
in a memoir preſented to the French king with his 
map of the tranſit, the difference of time between 
Venus's egreſs from the Sun at Yaﬀourſh and at the 
(abe of Good Hope will be 134 minutes. 

7o. This method requires that the longitude of 
each place of obſervation be aſcertained to the 


113 greateſt 
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greateſt degree of nicety, and that each obſerver's 


clock be exactly regulated to the equal time at his 


place: for without theſe particulars it would be 
impoſſible for the obſervers to reduce the times 
to thoſe which are reckoned under any given eri. 
dian ; and without reducing the oblerved times of 
egreſs at different places to the time at ſome given 
place, the abſolute time that elapſeth between the 
egreſs at one place and at another could not be 
found. But the longitudes may be found, by ob- 
ſerving the eclipſes of Jupiter's ſatellites ; and a 
true meridian, fox regulating the clock, to the time 
at any place, may be had, by obſerving when any 
given ſtar, within 20 or 30 degrees of the pole, is 
ſtationary, with regard to its azimuth, on the eaſt 


and weſt ſides of the pole; the pole itſelf being 


the middle point between theſe two ſtationary po- 
ſitions of the ſtar. And it is not material for the 
obſervers to know exactly either the true angular 
meaſure of the Sun's diameter, or of Venus's, in 


this caſe; for whatever their diameters be, it will 


make no ſenſible difference in the obſerved interval 


between the ſame contact, as ſeen from different 


Places. 


71. In the geometrical conſtruction of tranſits, 
the ſcale 45 (Fig. 3. of Plate XVI.) may be di. 
vided into any given number of equal parts, an- 
ſwering to any aflumed quantity of Venus's hori— 
zontal parailax from the Sun (which is always the 
difference between the horizontal parallax of Venus 
and that of the Sun), provided the whole length ot 


the ſcale be equal to the ſemidiameter of the Earth's] 


diſc in Fig. 4.— Thus, if we ſuppoſe Venus's hori- 
zontal parallix from the Sun to be only 26/ (in- 
ſtead of 317), in which cafe the Sun's horizontal 
parallax muſt be 10%. 3493, as in & 20, the reſt of 
the projection will anſwer to that ſcale : as C, 
which contains only 26 cqual parts, is the ſame 


length as A B, which contains 31. And by work- 


ing in all other reſpects as taught from 5 45,0 
| 25 
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of the Planets from the Sun. 


$ 62, you will find the times of total ingreſs and 
beginning of egreſs; and conſequently, the dura- 
tion of the tranſit at any given place, which muſt 
reſult from ſuch a parallax. 

72. In projections of this kind, it may be eaſily 
conceived, that a right line paſſing continually 
through the center of Venus, and a given point of 
the Earth, and produced to the Sun's diſc, will 
mark the path of Venus on the Sun, as ſeen from 
the given point of the Earth: and in this there are 
three caſes. 1. When the given point is the 
Earth's center, at which there is no parallax, either 
in longitude or latitude. 2. When the given point 
is one of the poles, where there is no parallax of 
longitude; but a parallax of latitude, whoſe quan- 
tity is eaſily determined, by letting fall a perpen- 
dicular from the pole upon the plane of the eclip- 
tic, and ſetting off the parallax of latitude on 
this perpendicular: and here, the polar tranfit-lines 
will be parallel to the central, as the poles have 
no motion ariſing from the Earth's diurnal rota- 
tion. 3. The laſt caſe is, when the given point of 
the Earth is any point of its ſurface, whoſe lati- 
tude is leſs than go degrees: then there is a paral- 
lax in latitude proportional to the perpendicular 
let fall upon the aboveſaid plane, from the given 
point; and a parallax in longitude proportional 
to the perpendicular let fall upon the axis of that 
plane, from the ſaid given point. 
of this laſt will be to alter the tranſit- line, both in 
poſition and length ; and will prevent its being 
parallel ts the central tranſit- line, unleſs when its 
axis and the axis of the Earth coincide, as ſeen 


from the Sun; which is a thing that may not hap». 


pen in many ages. 
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RTI LITE NI. 
Concerning the map of the tranſit. Plate XVII. 


73. The title of this map, and the lines drawn 
upon it, together with the words annexed to theſe 
lines, and the numbers (hours and minutes) on 
the dotted lines, explain the whole of it ſo well, 
that no farther deſcription ſeems requiſite. 

74. So far as I can examine the map by a good 
olobe, the black curve lines are in general pretty 
well laid down, for ſhewing at what places the 
tranſit will begin, or end, at ſun-rifing or ſun-ſet- 
ting, to all thoſe places through which they are 
drawn, according to the times mentioned in the 
map. Only I queſtion much whether the tranfit 
will begin at ſun-riſe to any place in Africa, that is 
weſt of the Red Sea; and am pretty certain that 
the Sun will not be riſen to the northernmoſt part of 
Mudogaſcar when the tranſit begins, as M. Dx 
L'IsLE reckons the firſt contact of Venus with the 
Sun to be the beginning of the tranſit. So that 
the line which ſhews the entrance of Venus in the 
Sun's diſc at ſun-riſing, ſeems to be a little too far 
weſt in the map, at all places which are ſouth of 


Aſia Minen: but in Europe, I think it is very well. 


75. In delir eating this map, I had M. De L'IsLe's 
map of the tranſit before me. And the only dit- 
ference between his map and this, is, 1. That in his 
map, the times are computed to the meridian of 
Paris; in this they are reduced to the meridian of 
Loi dn. 2. 1 have changed his meridional pro- 
j<Aion into that of the equatorial ; by which, I 
apprehend, that the black curve lines, ſhewing at 
what places the tranſit begins, or ends, with the 
ri gor ſetting Sun, appear more natural to the 
eye, and are more fully ſeen at once, than in the 
map from winch I copied; for in that map the 
lines are interrupted and broke in the meridian 

that 


of the Planets from the Sun, 


that divides the hemiſpheres; and the places where 
they ſhould join cannot be perceived fo readily by 
thoſe who are not well ſkilled in the nature of ſte- 
revgraphical projections.— The like may be ſaid 
of many of the dotted curve lines, on which are 
expreſſed the hours and minutes of the beginning 
or ending of the tranſit, which are the abſolute 
times at theſe places through which the lines are 
drawn, computed to the meridian of London. 


ARTICLE VE 


Containing an Account of Mr. Hor Rox's Obſervation 
of the Tranſit of Venus over the Sun, in the Year 
1639; as it is publiſhed in the Annual Regiſter 

for the Year 1761. | 


76. When Kepler firſt conſtructed his (the Ru- 
dolphine) Tables upon the obſervations of Tycho, 
he ſoon became ſenfible that the Planets Mercury 
and Venus would ſometimes paſs over the Sun's 
diſc ; and he predicted two tranſits of Venus, one 
for the year 1631, and the other for 1761, in a 
tract publiſhed at Leipfick in 1629, entitled, Ad- 


monitio ad Aſtronomos, Sc. Kepler died ſome days 


before the tranſit in 1631, which he had predicted 
Was to have happened. Gaſſendi looked for it at 
Paris, but in vain (fee Mercurius in Sole viſus, & 
Venuc inviſu). In effect, the imperfect ſtate of the 
Rudolphine Tables was the cauſe that the tranſit 
was expected in 1631, when none could be ob- 
ſerved ; and thoſe very tables did not give reaſon 


to expect one in 1639, when one was really ob- 
ierved. | 


When our illuſtrious countryman Mr. HoR Rox 


firſt applied himſelf to Aſtronomy, he computed 
Ephemerides for ſeveral years, from Lanſbergius's 
Tables. After continuing his labours for ſome 
time, he was enabled to diſcover the imperfection 
of theſe tables; upon which he laid afide his work, 

: : intending 
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intending to determine the poſitions of the ſtars 
from his own obſervations. But that the former 
part of his time ſpent in calculating from Lan/- 
bergius might not be thrown away, he made uſe of 
his Fphemerides to point out to him the ſituations 
of the planets. From hence he foreſaw when their 
conjunctions, their appulſes to the fixed ſtars, and 


the moſt remarkable phænomena in the heavens 


would happen; and prepared himſelf with the 
greateſt care to obſerve them. 

Hence he was encouraged to wait for the import- 
ant obſervation of the tranſit of Venus in the year 
1039; and no longer thought the former part of 
his time miſ-ſpent, ſince his attention to Lanſbergius's 
Tables had enabled him to diſcoyer that the tranſit 
would certainly happen on the 24th of November. 
However, as theſe Tables had ſo often deceived 
him, he was unwilling to rely on them entirely, 
but conſulted other 1 ables, and particularly thoſe | 
of Kepler ; accordingly, in a letter to his friend 
William Crabtree of Mancheſter, dated Hool, October 
26, 1639, he communicated his diſcovery to him, 


and earneſtly defired him to make whatever obſer- 


vation he poſſibly could with his teleſcope, parti- 
cularly to meaſure the diameter of the planet Ve- 
nus; which, according to Repler, would amount 
to 7 minutes of a degree, and according to Lanſ- 
bergius to 11 minutes; but which, according to 
his own proportion, he expected it would hardly 
excecd one minute. He adds, that according to 
Kepler, the conjunction will be November 24, 1639, 
at 8 hours 1 minute A. M. at Mancbefier, and that 
the planet's latitude would be 147 10” ſouth; but 
according to his own corrections, he expected it to 
bappen at 3 hours 57 min. P. M. at Mancheſter, with 
10“ fouth latitude. But becauſe a ſmall alteration 
in Kepler's numbers would greatly alter the time 


of conjunction, and the quantity of the planet's 


latitude, he adviſes to watch the whole day, and 
even on the preceding afternoon, and the morning 


of 


of the Planets from the Sun. 


of the 25th, though he was entirely of opinion that 
the tranſit would happen on the 24th. 

After having fully weighed and examined the 
ſevcral methods of obſerving this uncommon phe- 
nomenon, he determined to tranſmit the Sun's 
image through a teleſcope into a dark chamber, 
rather than through a naked aperture, a method 
greatly commended by Kepler ; for the Sun's image 
is not given ſufficiently large and diſtinét by the 
latter, unleſs at a very great diſtance from the aper- 
ture, which the narrowneſs of his ſituation would 


not allow of; nor would Venus's diameter be well 


defined, unleſs the aperture were very ſmall ; 
whereas his teleſcope, which rendered the ſolar 
ſpots diſtinctly viſible, would ſhew him Venus's 
diameter well defined, and enable him to divide 
the Sun's limb more accurately. 

He deſcribed' a circle on paper which nearly 
equalled fix inches, the narrownels of the place not 
allowing a larger ſize; but even this ſize admitted 
diviſions ſufficiently accurate. He divided the cir- 
cumference into 360 degrees, and the diameter 
into 3o equal parts, each of which were ſubdivided 


into 4, and the whole therefore into 120. The 


ſubdiviſion might have ftill been carried farther, 
but he truſted rather to the accuracy and niceneſs 
of his eye. 

When the time of obſervation drew near, he 


adjuſted the apparatus, and cauſed the Sun's diſ- 


tin& image exactly to fill the circle on the paper; 
and though he could not expect the planet to enter 
upon the Sun's diſc before three o'clock in the 
afternoon of the 24th, from his own corrected 
numbers, upon which he chiefly relied ; yet, be- 
cauſe the calculations in general from other tables 
gave the time of conjunction much ſooner, and 
lome even on the 23d, he obſerved the Sun from 
the time of its riſing to nine o'clock ; and again, 
a little before ten; at noon, and at one in the after- 
noon, being called in the intervals to buſineſs of 
the 
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the higheſt moment, which he could not negle&, 
But in all theſe times he ſaw nothing on the Sun's 
face, except one ſmall ſpot, which he had ſeen on 
the preceding day ; and which alſo he afterward 
ſaw on iome of the following days. 


But at 3 hours 15 minutes in the afternoon, 


which was the firſt opportunity he had of repeating 
his obſervations, the clouds were entirely diſperſed 
and invited him to feize this favourable occaſion, 


which ſeemed to be providentially thrown in his 
way; for he then beheld the moſt agreeable fight, 


a ſpot, which had been the object of his moſt ſan- 
guine wiſhes, of an unuſual ſize, and of a perfectly 
circular ſnape, juſt wholly entered upon the Sun's 
diſc on the left fide; ſo that the limbs of the Sun 
and Venus perfectly coincided in the very point of 
contact. He was immediately ſenſible that this 


ſpot was the planet Venus, and applied himſelf 


with the utmoſt care to proſecute his obſervations. 
And, Firſt, with regard to the inclination, he 


found, by means ot a diameter of the circle ſet per- 


pendicular to the horizon, the plane of the circle 
being ſome what reclined on account of the Sun's 
altitude, that Venus had wholly entered upon the 
Sun's diſc, at 3 hours 15 minutes, at about 627, 
30“ (certainly between 60 and 65”) from the ver- 
tex toward the right hand. (Theſe were the ap- 
pearances within the dark chamber, where the 
Sun's image and motion of the planet on it were 
both inverted and reverſed.) And this inclination 
continued conſtant, at leaſt to all ſenſe, till he had 
finiſhed the whole of his obſervation. | 

Secondly, The diſtances obſerved afterward be- 
tween the centers of the Sun and Venus were as 
follows; At 3 hours 15 minutes by the clock, the 


diſtance was 14' 247; at 3 hours 35 minutes, the 


diſtance was 13“ 307; at 3 hours 45 minutes, the 
diſtance was 1310. The apparent time of ſun— 
ſetting was at 3 hours 50 minutes the true time 

3 hours 


„ el W for a « 
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of the Planets from the Sun, 


3 hours 45 minutes —refftaction keeping the Sun 
above the horizon for the ſpace of 5 minutes. 


Thirdly, He found Venus's diameter, by repeated 


obſervations, to exceed a thirtieth part of the Sun's 
diameter, by a ſixth, or at moſt a fifth ſubdiviſion. 
— The diameter iherefore of the Sun to that of 
Venus may be exprefled, as 3o to 1.12. Ir cer- 
tainly did not amount to 1.30, nor yet to 1. 20. 
And this was found, by obſerving Venus as well 
when near the Sun's limb, as when farther removed 
from it, 

The place where this obſervation was made, was 
an obſcure village called Hool, about 15 miles 
northward of Liverpool, The latitude of Liverpool 

had been often determined by Horrox to be 532 20'; 


and therefore, that of Hool will be 53 35'. The 


longitude ot both ſeemed to him to be about 22“ 
30“ from the Fortunate lands: that is 14 137 to 
the welt of Uranburg. 

Theſe wer: ali the obſervations which the ſhort- 
neſs of the time allowed him to make upon this 
moſt remarkable and uncommon fight ; all that 
could be donc, however, in ſo ſmall a ſpace of time, 
he very happily executed; and ſcarce any thing 


farther remained for him to deſire. In regard to 


the inclination alone, he con'd not obtain the ut- 
molt exactneis; for it was extremely difficult, from 
the Sun's rapid motion, to obſerve it to any cer- 
tainty within the degree. And he ingeniouſly con- 
feſſes that he neither did, nor could poſſibly perform 
it. The reſt are very much to be depended upon; 
and as exact as he could wiſh. 

Mr. Crabtree, at Mancheſter, whom Mr. Horrex 
had defired to obſerve this tranſit, and who in ma- 
thematical knowledge was interior to few, very 


readily complied with his friend's requeſt ; but 


the ſky was very uniavourable to him, and he had 
only me fight of Venus on the Sun's dite, which 
was about 3 hours 35 minutes by the clock; the 
Sun then, tor the firit time, breaking out from the 

clouds ; 
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clouds ; at which time, he ſketched out Venus's 
ſituation upon paper, which Hqrrox found to coin- 
cide with his own obſervations. 
Mr. Horrox, in his treatiſe on this ſubje&, pub- 
liſhed by Hevelius, and from which almoſt the 
whole of this account has been collected, hopes 
for pardon from the aſtronomical world, for not 
making his intelligence more publick; but his 
diſcovery was made too late. He is deſirous how- 
ever, in the ſpirit of a true philoſopher, that other 
aſtronomers were happy enough to obſerve it, who 
might either confirm or correct his obſervations. 
But ſuch confidence was repoſed in the tables at 
that time, that it does not appear that this tranſit 
of Venus was obſerved by any beſides our two in- 
genious countrymen, who proſecuted their aſtro- 
nomical ſtudies with ſuch eagernels and preciſion, 
that they muſt very ſoon have brought their fa- 
vourite ſcience to a degree of perfection unknown 
at thoſe times. But unfortunately Mr. Horrox died 
on the 3d of January 1640-1, about the age of 
25, juſt after he had put the laſt hand to his trea- 
tile, entitled Venus in Sole viſa, in which he ſhews : 
himſelf to have had a more accurate knowledge 7 
of the dimenſions of the Solar Syſtem than his 1 
learned commentator Hevelius.— So far the Annual 1 
P 


Regiſter. | . 

In the year 1691 *, Dr. HaLLEy gave in a paper 
upon the tranſit of Venus (See Lowthorpe's Abridg- N 
ment of the Philoſophical Tranſactions, page 434.), 
in which he obſerves, from the tables then in uſe, 


that Venus returns to a conjunction with the Sun L 
in her aſcending node in a period of 18 years, = 
wanting 2 days 10 hours 524 minutes; but that || 
in the ſecond conjunction ſhe will have got 24 417 or 


farther to the ſouth than in the preceding. That 
after a period of 235 years 2 hours 10 minutes g a 
ſeconds, ſhe returns to a conjunction more to the 
north by 11“ 23/7; and after 243 years, wanting 43 


* See the Cennoiſſance des Temps tor A. D. 1761. 
minutes 


e the Planets from the Sun. 


minutes in a point more to the ſouth bx 13“ 8“. 
But if the ſecond conjunction is ir the year next 
after leap-year, it will be a day later. 

The intervals of the conjunctions at the deſcend- 
ing node are ſomewhat different. The ſecond hap- 
pens in a period of 8 years, wanting 2 days 6 hours 
55 minutes, Venus being got more to the north 
by 19' 58%, After 225 years 2 days 8 hours 18 
minutes, ſhe is 9' 214 more ſoutherly : only, if the 
firſt year is a biſſextile, a day muſt be added. And 
after 243 years o days 1 hour 23 minutes, the 
conjunction happens 10“ 37“ more to the north; 
and a day later, if the firſt year was biſſextile. It is 
fuppoled, as in the old ſtyle, that all the centurial 
years are biſſextiles. 

Hence, Dr. HALLEx finds the years in which a 
tranſit may happen at the aſcending node, in the 
month of November (old ſtile) to be theſe 918, 
1161, 1396, 1631, 1639, 1874, 2109, 2117: and 
the tranſits in the month of May (old ſtile) at the 
deſcending node, to be in theſe years — 1048, 1283, 
1518, 1526, 1761, 1769, 1996, 2004. 

In the firſt caſe, Dr. HALLE makes the viſible 
inclination of Venus's orbit to be 90 5, and her 
horary motion on the Sun 4' 77, In the latter, 
he finds her viſible inclinaiion to be 8“ 287, and 
her horary motion 400%. In either caſe, the greateſt 
poſſible duration of a tranht is 7 hours 56 minutes. 
Dr. HaLLEY could even then conclude, that if 
the interval in time between the two interior con- 
tacts of Venus with the Sun could be meaſured to 
the exactneſs of a ſecond, in two places properly 
ſituated, the Sun's parallax might be determined 
within its zoodth part.— But ſeveral years after, 
he explained this affair more fully, in a paper 
concerning the tranſit of Venus in the year 1761; 
which was s publiſhed in the Philoſophical Tranſ- 
actions, and of which the third of the preceding 
articles is a tranſlation; the original having been 
wrote in Latin by the Doctor. 


ARTICLE : 
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ARTICLE: VII. 


Containing a ſhort account of ſome obſervations of the 
Tranſit of Venus, A. D. 1561, June 6th, New 
Stile; and the diſtances of the Planets from the 
Sun, as deduced from thoſe obſervations. 


Early in the morning, when every aſtronomer 
was prepared for obſerving the tranſit, it unluckily 


happened, that both at London, and the Royal Ob- 
ſervatory at Greenwich, the ſky was ſo overcaſt 


with clouds, as to render it doubtful whether any 


part of the tranſit ſhould be ſeen:— and it was 38 
minutes 21 ſeconds paſt 7 o'clock (apparent time) 
at Greenwich, when the Rev Mr. Bliſs our Aſtro— 
nomer Royal, firſt faw Venus on the Sun; at which 
inſtant, the center of Venus preceded the Sun's 
center by 6' 187.9 of right aſcenſion, and was ſouth 
of the Sun's center by 11” 427.1 of declination.— 
From that time to the beginning of egreſs the 
Doctor made ſeveral obſervations, both of the dif- 
ference of right aſcenſion and declination of the 
centers of the Sun and Venus; and at laſt found 
the beginning of egreſs, or inſtant of. the internal 
contact of Venus with the Sun's limb, to be at 8 
hours 19 minutes o ſeconds apparent time.—From 
the Doctor's own obſervations, and thole which 
were made at Shirburn by another gentleman, he 
has computed, that the mean time at Greenwich of 
the ecliptical conjunction of the Sun and Venus 
was at $51 minutes 20 ſeconds after 5 o'clock in 


the morning; that the place of the Sun and Venus 


was = (Gemini) 15* 36“ 33/7; and that the geo- 
centric latitude of Venus was 9“ 44/9 ſouth.— 
her horary motion from the Sun 3' 57%.123 retro- 
grade z—and the angle then formed by the axis of 

the equator, ard the axis of rhe eclipric, was 62 
934“, decreaſing hourly 1 minute of a degree.— 
By rhe means of three good obiervations, the dia- 
meter of Venus on the Sun was 38“. 


2 Mr. 


— 
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Mr. Short made his obſervation at Savile-Houſe 
In London, 30 ſecouds in time welt from Greenwich, 
in pre ſence of his Royal Highneſs the Duke of York, 
accompanied by their Royal Highnefſes Prince 
William, Prince Henry, and Prince Frederick. He 
firſt ſaw Venus on the Sun, through flying clouds, 
at 46 minutes 37 ſeconds after 5 o'clock; and at 
6 hours 15 minutes 12 ſeconds he meaſured the 
diameter of Venus 597.8, —He afterward found it 
to be 587.9 when the ſky was more favourable.— 
And, through a reflecting teleſcope of two feet 
focus, magnifying 140 times, he found the internal 
contact of Venus with the Sun's limb to be at 8 
hours 18 minutes 214 ſeconds, apparent tiuie; 
which, being reduced to the apparent time ar 
Greenwich, was 8 hours 18 minutes 514 ſeconds ; 
ſo that his time of ſeeing the contact was 8F ſeconds 
fooner (in abſolute time) than the inſtant of its be- 
ing ſeen at Greenwich. 

Meſſrs. Ellicott and Dolond obſerved the inter- 
nal contact at Haekney, and their time of ſeeing it, 
re ſluced to the time at Greenwich, was at 8 hours 
18 minutes 36 ſeconds, which was 4 ſeconds ſooner 
in abſolute time than the contact was ſeen at Green- 
wich. 

Mr. Canton, in Spittle-Square, Lindon. 11 
weſt of Greenwich (equal to 16 ſeconds 44 thirds 
of time), meaſured the Sun's diameter 31' 33” 24”, 
and the diameter of Venus on the Sun 58/; and 


by obſervation found the apparent time of the in- 


ternal contact of Venus with the Sun's limb to be 
at 8 hours 18 minutes 41 ſeconds; which, by re— 


duction, was only 24 ſeconds ſhort of the time at 


the Royal Obſervatory at Greenwich. 

The Reverend Mr. Richard Haydon, at Leftrard, 
in Cornwall (16 minutes 10 ſeconds in time welt 
from London, as ſtated by Dr. Bevis,) obſerved the 
internal contact to be at 8 hours © minutes 20 
ſeconds, which by reduction was 8 hours. 16 minutes 
30 ſeconds at Greenwich : ſo that he mult. have teen 


K k it 


497 


498 


The Method of finding the Diſtances 


it 2 minutes 30 ſeconds ſooner in abſolute time 
than it was ſeen at Greenwich—a difference by 
much too great to be occaſioned by the difference 
of parallaxes. But by a memorandum of Mr. 
Haydon's ſome years before, it appears that he then 
ſuppoſed his weſt longitude to be near two minutes 


more; which brings his time to agree within half 


a minute of the time at Greenzwich; to which the 
parallaxes will very nearly anſwer. 

At Stockholm Obſervatory, latitude 39“ 203" 
north, and longitude 1 hour 12 minutes eaſt from 
Greemoich, the whole of the tranſit was viſible; 
the total ingreſs was obſerved by Mr. Wargentin 
to be at 3 hours 29 minutes 23 ſeconds in the 
morning, and the beginning of egreſs at 9 hours 
30 minutes 8 ſeconds; ſo that the whole duration 
between the two internal contacts, as ſeen at that 
place, was 5 hours 50 minutes 45 ſeconds. 

At Torneo in Lapland (1 hour 27 minutes 28 
ſeconds eaſt of Paris) Mr. Hellant, who is eſteemed 
a very good obſerver, found the total ingreſs to be 
at 4 hours 3 minutes 59 ſeconds; and che begin- 
ning of egreſs to be g hours 54 minutes 8 ſeconds. 
=: that the whole duration between the two in- 
ternal contacts was 5 hours 5o minutes 9 ſeconds. 

At Hernoſand, in Sueden (latitude 60? 38” north, 
and longitude 1 hour 2 minutes 12 ſeconds eaſt of 
Paris), Mr. Gifter obſerved the total ingrels to be 
at 3 hours 38 minutes 26 ſeconds; and the begin- 
ning of egreſs to be at 9 hours 29 minutes 21 


| ſeconds. —The duration between theſe two internal 


contacts 5 hours 50 minutes 56 ſeconds. 

Mr. De la Lande, at Paris, obſerved the begin- 
ning of egreſs to be at 8 hours 28 minutes 26 
ſeconds apparent time — But Mr. Ferner (who was 
then at Conſtans, 145” weſt of the Royal Obſerva- 
tory at Paris) obſerved the beginning of egreſs to 
be at 8 hours 28 minutes 29 ſeconds true time. 
The equation, or difference between the true and 

apparent 
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apparent time, was 1 minute 54 fſeconds.—The 
total ingreſs, being before the Sun roſe, could not 
be ſeen. 

At Tobolſe, in Siberia, Mr. Chappe obſerved the 
total ingreſs to be at 7 hours o minutes 28 ſeconds 
in the morning, and the beginning of egreſs to be 
at 49 minutes 204 ſeconds after 12 at noon.—80 
that the whole duration of the tranſit between the 
internal contacts was 5 hours 48 minutes 522 ſe- 
conds, as ſeen at that place; which was 2 minutes 
3 ſeconds leſs than as ſeen at Hernoſund in Stoeden. 

At Madraſ5, the Reverend Mr. Hirſt oblerved 
the total ingreſs to be at 7 hours 47 minutes 55 
ſeconds apparent time in the morning; and the 
beginning of egreſs at 1 hour 39 minutes 38 ſeconds 
paſt noon. The duration between theſe two inter- 
nal contacts was 5 hours 51 minutes 43 ſeconds. 

Profeſſor Mathenci, at Bologna, obſerved, the be- 
ginning of egreſs to be at 9 hours 4 minutes 58 
{econds. 

At Calcutta (latitude 22 30“ north, nearly 92 
eaſt longitude from London) Mr. William Magee 
obſerved the total ingreſs to be at 8 hours 20 
minutes 58 ſeconds in the morning, and the begin- 
ning of egreſs to be at 2 hours 11 minutes 34 
ſeconds in the afternoon. The duration between the 
two internal contacts 5 hours 50 minutes 36 ſeconds. 

Art the Cape of Good Hope (1 hour 13 minutes 35 
ſeconds eaſt from Greenwich) Mr. Maſon obſerved 
the beginning of egrels to be at ꝙ hours 39 minutes 
50 ſeconds in the morning. 

All theſe times are collected from the obſervers 


accounts, printed in the Philoſophical Tranſactions 


for the year 1762 and 1763, in which there are 
ſeveral other accounts that I have not tranſcribed. 
—The inſtants of Venus's total exit from the Sun 
are likewiſe mentioned; but they are here left out, 
as not of any ule for finding the Sun's parallax. 
Whoever compares theie times of the internal 


contacts, as given in by different obſervers, will find 
K K 2 ſuch 
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ſuch difference among them, even thoſe which were 
taken upon the ſame ſpot, as will ſhew, that the 
inſtant of either contact could not be ſo accurately 
perceived by the obſervers as Dr. HALLExX thought 
it could; which probably ariſes from the difference 
of people's eyes, and the different magnifying 
powers of thoſe teleſcopes through which the con- 
racts were ſcen.— If all the obſervers had made 
ule of equal magnifying powers, there can be no 
doubt but that the times would have more nearly 
coincided ; ſince it is plain, that ſuppoſing all their 
eves to be equally quick and good, they whoſe 
teleſcopes magnified moſt, would perceive the 
point of internal contact ſooneſt, and of the total 
exit lateſt, | 

Mr. Short has taken an incredible deal of pains 
in deducivg the quantity of the Sun's parallax, 
from the beſt of thoſe obſervations which were 
made both in Britain and abroad: and finds it to 
have been 87.52 on the day of the tranſit, when 
the Sun was very nearly at his greateſt diſtance 
from the Earth; and conſequently 87.65 when the 
Sun is at his mean diſtance from the Earth.—And 
indeed, it would be very well worth every curious 
perſon's while, to purchaſe the ſecond part of Vo- 
lume LII. of the Philoſophical TranſaQtions, for 
the year 1763 even if it contained nothing more 
than Mr. SHHorr's paper on that ſubject. 

The log. fine (or tangent) of 8“. 65 is 5.6219140, 
which being ſubtracted from the radius 10.0000000, 
jeaves remaining the logarithm 4.3780860, whoſe 
number is 23882.84; which is the number of 
ſemidiameters of the Earth that the Sun is diſtant 
from it.— And this laſt number, 23882.84, being 
multiplied by 3985, the number of Engliſh miles 
conained in the Earth's ſemidiameter, gives 
05,172,127 miles for the Earth's mean diſtance 
nom the Sun.—But becauſe it is impoſſible, from 
the niccit obſervations of the Sun's parallax, to be 
JUTE OL its true diſtance from the Earth within 100 


miles, 
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miles, we ſhall at preſent, for the ſake of round 
numbers, ſtate the Earth's mean diſtance from the 
Sun at 945,173,000 Engliſh miles. 

And then, from the numbers and analogics in 
$ 11 and 14 of this Diſſertation, we find the mean 
diltances of all the reſt of the planets from the 


Sun in miles to be as follows: —Mercury's dil- | 


tance, 36,841,468; Venus's diſtance, 68,891,486; 
Mars's diſtance, 145,014,148; Jupiter's diſtance, 
494,990,976; and Saturn's diſtance, 907,956,130. 

So that by comparing theſe diſtances with thoſe 
in the Tables at the end of the chapter on the 
Solar Syſtem *, it will be found that the dimen- 
ſions of the Syſtem are much greater than what 
was formerly imagined: and conſequently, that 
the Sun and the planets (except the Earth) are 
much larger than as ſtated in that table. 

The ſemidiameter of the Earth's annual orbit 
being equal to the Earth's mean diſtance from the 
Sun, viz. 95,173,000 miles, the whole diameter 
is 199,345,000 miles. And ſince the diameter of 
a circle is to its circumference as I to 3.14159 the 
circumference of the Earth's orbit is 597,989,090 
miles. 

And, as the Earth deſcribes this orbit in 365 
days 6 hours (or in 8766 hours), it is plain that 
it travels at the rate of 68, 217 miles every hour, 
and conſequently 11,369 miles every minute; ſo 
that its velocity in its orbit is at leaſt 142 times 
as great as the velocity of a cannon- ball, ſuppoſing 
the ball to move through 8 miles in a minute, 
which it is found to do very nearly: —and at this 
rate it would take 22 years 228 days for a cannon» 
ball to go from the Earth to the Sun. 

On the zd of June, in the year 1769, Venus 


will again paſs over the Sun's diſc, in ſuch a man- 
ner, as to afford a much eaſter and better method 


of inveſtigating the Sun's parallax than her tranſit 


* Fronting page 42. 
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in the year 1761 has done. But no part of Britain 
will be proper for obſerving that tranfit, ſo as to 
deduce any thing with reſpect to the Sun's paral- 
lax from it, becauſe it will begin but a little be- 
fore ſun-let, and will be quite over before 2 o'clock 
next morning.—The apparent time of conjunction 
of the Sun and Venus, according to Dr. HaLLey's 
Tables, will be at 13 minutes paſt 10 o'clock at 
night at London; at which time the geocentric 
latitude of Venus will be full 10 minutes of a de- 
gree north from the Sun's center :—and therefore, 
as ſeen from the northern parts of the Earth, 
Venus will be conſiderably depreſſed by a parallax 
of latitude on the Sun's diſc; on which account, 
the viſible duration of the tranſit will be lengrh- 
ened: and in the ſouthern parts of the Earth ſhe 
will be elevated by a parallax of latitude on the Sun, 
which will ſhorten the viſible duration of the tranſit, 
with reſpect to its duration as ſuppoſed to be ſeen 
from the Earth's center; to both which affections 
of duration the parallaxes of longitude will alſo 
conſpire.—So that every advantage which Dr. 
HALLEY expected from the late tranſit will be 
found in this, without the leaſt difficulty or embar- 
rafſment,—Ir is therefore to be hoped, that nei- 
ther colt nor labour will be ſpared in duly obſerv- 
ing this tranſit; eſpecially as there will not be ſuch 
another 1 again in leſs chan 105 yearn 
afterward. 

The molt proper places for vie the tranſit 
in the year 1769, is in the northern parts of Lap- 
land, and the Solomon Iſles in the great South<Sea 
at the former of which, the viſible duration be— 
tween the two internal contacts will be at leaſt 22 
minutes greater than at the latter, even though the 
Sun's parallax ſhould not be quite 9/ If it be 
97 (which is the quantity I had aflumed in a deli- 
neation of this tranſit, which I gave in to the 


Royal 
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Royal Society before I had heard what Mr. Short 
had made it from the obſervations on the late 
tranſit), the difference of the viſible durations, as 
ſeen in Lapland and in the Solomon [/les, will be as 
expreſſed in that delineation; and if the Sun's 
parallax be leſs than 9“ (as I now have very good 
reaſon to believe it is) the difference of durations 
will be leſs accordingly, 
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The numeral Figures refer to the Articles, and 
the ſmall z to the Notes on the Articles, 


A. 


Fraps the Stars, 221. 
Angle, v al 185. 7 
Annual Paralluæ ot the Stars, 196. 
Anomaly, what, 239. 
Antients, their tuperſtitious notions of Eclipſes, 329. 
Their method of dividing the Zodiac, 361. 
Antipo et, what, - 122, 
Apſites, line 0 „238. 
ARCHIMEDE, his ideal problem for moving the Earth, : 
I 
Areas, d-ſcribed by the Planets, proportional to the times, 
163. 
* the great advantages ariſing from 1t both in our 
religious and civil concerns, 1. a 
Diſcovers th laws by which _ Planets move, and are 
retained in their Orbits, 
Atmoſphere, the nigher the vt 174. 
Its prodigious expanſion, bid. 
Its whole weight on the Earth, 175. 
Generally thought to be heavieſt when it is lighteſt, 
176. 
Without, i it the Heavens would enn dark in the day- 
time, 177. 
Is the cauſe of Twilight, ibid. 
Its height, ibid. 
Refracts the Sun's rays, 178. 
Cauſeth the Sun and Moon to appear above the Hori- 
zon when they are really below it, 16:9. | 
Foggy, deceives us, in the bulk and diſtance of objects, 
185. 
1 a 105—107. 
Decreaſes as the ſquare of the diſtance increaſes, 106. 
Greater in the larger than in the ſmaller P.anets, 158. 
Greater in the Sun, than in all the Planets if put to- 


gether, 7b:d, 
Axes 


D. 


Hes of the Planets, what, 19. | 
Their different poſitions with reſpe@ to one another, 
120. 
Axis of the Earth, its Paralleliſm, 202. 
Its poſition variable as ſeen from the Sun or Moon, 338. 
the Phenomena thence ariſing, 340. | 


B. 


Bodies, on the Earth, loſe of their weight the nearer they 
are to the Equator, 117. 
How they might loſe all their weight, 118, 
How they become viſible, 167. 


C. 


Calculator (an Inſtrument) deſcribed, 399. 
Calendar, how to infcribe the Golden Numbers right in 
it for ſhewing the days of New Moons, 386. 
Cannon-Ball, its ſwiftneſs, 89. 
In what times it would fly from the Sun to the different 
Planets and fixed Stars, ibid. 
CassINnt, his account of a double Star eclipſed by the 
Moon, 58. 
His Diagrams of the Paths of the Planets, 138. 
Catalogue of the Eclipſes, 327. 
Of the Conſtellations and Stars, 362. 
Of remarkable Aras and Events, 396. 
Celeſtial Globe improved, 401. | 
Centripetal and centrifugal forces, how they alternately 
overcome each other in the motions of the Planets, 
ans} © NET ; 
Changes in the Heavens, 366. 
Circles, of perpetual Apparition and Occultation, 128. 
Of the ſphere, 198. 3 
Contain 360 Degrees, whether they be great or ſmall, 
207. 
Civil Year, what, 474. 
CorLumpus (CHRISTOPHER) his ftory concerning an 
Eclipſe, 330. 
Cl:cks and Watches, an eaſy method of knowing whether 
| they go true or falſe, 223. 
Why they ſeldom agree with the Sun if they go true, 


TS | Clocks 
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Clocks and Watches, how to regulate them by Equation 
Tables and a Meridian Line, 225, 226. 
Cloudy Stars, 365. 
Cemetarium (an Inſtrument) deſcribed, 400. 
Conſlellations, ancient, their number, 359. 
The number of Stars in each, according to different 
Aſtronomers, 362. 
Cycle, Solar, Lunar, and Romiſh, 383. 


= 


Darkneſs at our SAvIouR's crucifixion ſupernatural, 395- 
Day, natural and artificial, what, 380. 
And Night, always equal] y long at the Equator, 126. 
Natural, not compleated in an abſolute turn of the 
Earth on its Axis, 222. 
Degree, what, 207. 
Digit, what, 336, n. 
Direction, (Number of) 389. 
Diflances of the Planets from the Sun, an Idea of them, 89. 
A Table of them, 98. 
How fotind, 190; and in the Diſſertation on the Tranſit 
of Venus, Chap. XXIII. 
Diurnal and annual Motions of the Earth illuſtrated, 200, 
202. 
Dominical Letter, 309. 
Double prejectile force, a balance to a Quadruple power of 
Gravity, 153. 


Double Star covered by the Moon, 58. 


E, 


Earib, its Bulk but a point as ſeen from the Sun, 3. 

Its Diameter, annual period, and diſtance from the Sun, 

Turns round its Axis, ibid. 

Velocity of its equatorial Parts, bid, 

Velocity in its annual Orbit, 81d. 

Inclination of its Axis, 48. 

Proof of its being globular, or nearly ſo, 49, 216 

Mcaſurement of its ſurface, 50. _ 

Difference between its equatorial and polar diameters, 

6. 

tr inn round the Sun demonſtrated by gravity, 

108, 


E U 


108, 111, by Dr. BRA DTEx's obſervations, 113, 
by the ciiples of Jupiter's Satellites, 219. 

Earth, its diurnal m«tion highly probable from the ab- 
jurcity that muft follow upon ſuppo fing it not to 
move, III, 122. and demonſtrable from its figure, 
116. this motion cannot be felt, 119. 

Objections ag ai ft its motion an wered, 112, 121. 

It has no ſuch thing as an upper or an under fide, 122. 
in what caſe it might, 123. 

The \wiftneſs of its motion in its Orbit compared 
with the velocity of light, 197. 

Its diurnal and annual motions illuſtrated by an eaſy 

experiment, 200. 

Proved to be leſs than the Sun, and bigger than the 
Moon, 315. 
Eaſter Cycle, 388. 
Eclipſareon (an 1 deſcribed, 405. 
Eclipſes of Jupiter's Satellites, how the Longitude is found 
by them, 212. they demonſtrate the velocity of light, 
216. 
Of the Sun and Moon, 312— 350. 
Why they happen not in every month, 316. 
When they muſt be, 317. 
Their Limits, 16:2. 
Their Period, 320. 
A diſſertation on their progreſs, ibid. 
A large Catalogue of them, 327. 
Hiſtorical ones;. 328. 
More ot the Sun "than of the Maon, and why, 331. 
The proper Elements for their calculation and projee- 
tion, 353 
Eeliptic, its ſigns, their names and characters, 91. 
Makes different Angles with the Horizon every hour and 
minute, 275. how theſe Angles may be eſtimated by 
ibe poſition "of the Moon's horns, 260. 5 
Its obliquiiy to the Equator leſs now than it was for- 
merly, 368. 

Elangations, of the Planets, as ſcen by an Obſerver at reſt 
on the outſide of all their Orbits, 133. 

Of Mercury and Venus, as ſeen from the Earth, illuſ- 
trated, 142. its quantity, 143. 

Of Mercur“, Venus, the Earth, Mars, and Jupiter; 
their enmntities, as een from Saturn, 147. | 

Equation of time, 224—245. 

Equator, day and night always equal there, 120. 
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Equator makes always the ſame Angle with the Horizon of 
the ſaine place; the Ecliptic not, 274, 275. 

Eguinoctial Points, in the Heavens, their preceſſion, 246. 
a very different thing from the receſſion or ant icipa- 
tion of the Equinoxes on the Earth, the one no ways 
occaſioned by the other, 249. | 

Aras or Epochs, 396. 
Excentricities of the Planets' Orbits, 1 55. 


F. 


Fallacies in judging of the bulk of objects by their appa- 
rent diſtance, 185. applied to the ſolution of the 
horizontal Moon, 187. 

Firſt Meridian, what, 207. | 

Fixed Stars, why they appear of leſs magnitude when 
viewed through a teleſcope than by the bare eye, 354. 

Their number, 355 
Their diviſion into different Claſſes and Conſtellations, 


358, 359. 


G. 


General Phenomena of a ſuperior Planet as ſeen from an in- 
ferior, 1449. 

Georgium Sidus, its diſtance, diameter, magnitude, an- 
nual revolution, 84, n. | 

Not readily diſtin» uithed from a fixed Star, ibid. 

Incli nation of its orbit, bid, 
Place of its Nodes, ibid. 
Its Satellites, their diſtance, periods, and remarkable 
ſition of their orbits, ibid. G 
Gravity, demonſtrable, 101—4y04, 

Keeps all bodies on the Earth to its ſurface, or brings 
them back when thrown upward; and conſtitutes 
their weight, 101, 122. . 

Retains all the Planets in their Orbits, 102, 

Decreaſes as the ſquare of the diſtance increaſes, 106. 

Proves the Earth's annual motion, 108. 

Demonſtraied to be greater in the larger Planets than 
in the ſmaller; and ſtronger in the Sun than in all 
tne Planets together, 158. 

- Hard to underſtand what it is, 160. 

Acts every moment, 162. 


Globe 
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Globe (Celeſtial), improved, 401. 
Great Year, 251. 


H. 


Harmony of the celeſtial motions, 111. 
Harveſt- Moon, 297 3—263. 
None at the Equator, 273 
Remarkable at the Polar Circles, 285. 
In what years moſt and leaſt advantageous, 292. 

Feat, decreaſes as the ſquare of the diſtance from the Sun 
increaſes, 169, 

Why not greateſt when the earth is neareſt the Sun, 
205. 

b about three o' Clock in the afternoon than 
when the Sun is on the Meridian, 300. 

Heavens, ſeem to turn round with different velocities as 
ſeen from the different Planets; and on different 
Axes as ſeen from moſt of them, 120. | 

Only one Hemiſphere of them ſeen at once from any 
one Planet's ſurface, 125. 
Changes in them, 366. 
Horizon, what, 125, u. 
Horizontal Moon explained, 187. 


Horizontal Parallax, of the Moon, 190; of the Sun, 


Ig! 3 beſt obſerved at the Equator, 193. 
Hour Circles, what, 208. | | 
Hour of time equal to 15 degrees of motion, ibid. 
How divided by the Jews, Chaldeans, and Arabians, 
382. . 
Huy GENIvUs, his thoughts concerning the diſtance of ſome 


Stars, 5. 


* 


Inclination of Venus's Axis, 29. 
Of the Earth's, 48. 
Of the Axis or Orbit of a Planet only relative, 201. 
Inhabitants of the Earth (or any other Planet) ſtand on 
oppoſite ſides with their feet toward one another, yet 
_ each thinks himſelf on the upper fide, 122. 


7 J. Ju- 
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Julian Period, 393. 
Jupiter, its diſtance, diameter, diurnal and annual revo- 
lutions, 67-69. 

The Phenomena of its belts, 70. 

Has no difference of ſeaſons, 71. 

Has four Moons, 72. their grand Period, 73. the 
Angles which their Orbits ſubtend, as ſeen from 
the Earth, 74. moſt of them are eclipſed in every 
revolution, 76. 

Jupiter, the great difference between its ne and 
polar diameters, 76. 

The inclination of its Orbit, and place of its Aſcending 
Node, 77. 

The Sun' 's light 3000 times as ſtrong on it as Full 
Moon light is on the Earth, 8 5. 

Is probably inhabited, 86, 

The amazing ſtrength required to put it in motion, 
158. 

The figures of the Paths deſcribed by its Satellites, 269. 


L. 


Lizht, the inconceivable ſmallaeſs of its particles, 165; 
and the great miſchief they would do if they were 
larger, 160. 

ts ſurpriſtog velocity, 166. compared with the ſwift- 
neſs of the Earth's annual motion, 197- 
Decreaſes as the iquare of the diſtance from the lumi- 
nous body increaſes, 169. 
Is refracted in paſſing through different Mediums, 
171—1 
Affords a proof of the Earth's annual motion, 197, 
21 
In what 6 time it comes from the Sun to the Earth, 216; 
this explained by a figure, 217. 

Limits of Eclipſes, 317. 

Line, of the Nodes, what, 317; has a retrograde mo- 
tion, 319. 

Of Sines and Chords, how to make, 369. 

LoxN (Rev. Dr.) his method of comparing the quan- 
tity of the ſurſace of dry Land with that of the Sea, 
15 1 Loo, 
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Lons, his glaſs ſphere, 126. 
Longitude, how found, 2079—213, 
Lucid Spes in the Heavens, 364, 
Lunar Cycle deficient, 385. 


M. 


Magellanic Clouds, 365. 

Aan, of a middle ſize, how much preſſed by the weight 
of the Atmoſphere, 175; why this preſſure is not 
felt, ibid. 

Mars, its Diameter, Period, Diſtance, and other Phe- 
nomena, 64—67. 

Aaiter, its properties, 99. 

Man Anomaly, what, 239. 

Mercury, its Diameter, Period, Diſtance, Sc. 22. 

Appears in all the ſhapes ef the Moon, 23. 
When it will be ſeen. on the Sun, 24. 
The 1: clination of its Orbit and Place of its Aſcending 

Node, ibid. 

N Path delineated, 1 

Experiment to ſhew its Phaſes, and apparent Motion, 
142. 


Mercury (Quickſilver) in the Barometer, why not affected 


by the Moon's raiſing Tides in the Air, a 
Meridian, firſt, 207. 
Line, how to draw one, 226. 
Milly Way, what, 363. | 
Months, Jetoiſb, Arabian, Egyptian, and Grecian, 378, 
Hon, her Diameter and Period, 52. 
Her Phaſes, 53, 255. 
Shines not by her own light, 54. 
Has no difference of ſeaſons, 55. 
The Earth is a moon to her, 56. 
Has no Atinoſphere of any viſible Denſity, FF 3 nor 
Seas, 59. 
How her inhabitants may be ſuppoſed to meaſure their 
year, 62; 
Her light compared with daylight, 85. 
The eccentricity of her Orbit, 98. 
Is near er the Earth now than ſhe was formerly, 163. 
Appears bigger on the Horizon than at any conſider- 
able Leight above it, and why, 187, yet is ſeen 
much under the ſame Angle! in both caſes, 188. 
1 | Hoon, 
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Her ſurface mountainous, 252 3 if ſmooth, ſhe could 
give us no light, ibid. | | 
Why no hills appear round her edge, 253. 1 
Has no Twilight, 254. | 14 
Appears not always quite round when full, 256. 
Her Phaſes agreeably repreſented by a globular Stone 
viewed in Sunſhine when ſhe is above the Hori- 
zon, and the obſerver placed as if he ſaw her on 
the top of the Stone, 258. | 1 
Turns round her Axis, 262. es | 
The length of her Solar and Sydereal day, ibid. L 
Her periodical and ſynodical revolution repreſented by 
the motions of the hour and minute hands of a 
Watch, 264. | | 
ſoon, her Path delineated, and ſhewn to be always con- | 
cave to the Sun, 265—268. ; 
Her motion alternately retarded and accelerated, 267. 
Her gravity toward the Sun greater than toward the 
Earth at her Conjunction, and why ſhe does not | 
then abandon the Earth on that account, 268. | 
Riſes nearer the time of ſun-ſet when about the full 
in harveſt for a whole week than when ſhe is about 
the full at any other time of the year, and why, 
273284: this riſing goes through a courſe of in- 
creaſing and decreaſing benefit to the farmers every 
109 years, 292. | 15 
Continues above the Horizon of the Poles for fourteen 
of our natural days together, 293. 
Proved to be globular, 314; and to be leſs than the 
Earth, 315. | F h 
Her Nodes, 317; aſcending and deſcending, 318; 1 
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their retrograde motion, 319. | | 
Her acceleration proved from ancient Eclipſes, 322, n. 
Her Apogee and Perigee, 336. 5 
Not inviſible when ſhe is totally eclipſed, and why, 346. 
How to calculate her Conjunctions, Oppoſitions, and 
Eclipſes, 3 53. 
How to find her age in any Lunation by the Golden 
Number, 423. 
ſorning and Evening Star, what, 145. 
lotion, naturally rectilineal, 100, 
Apparent, of the Planets as ſeen by a ſpectator at reſt 
on the outſide of all their Orbits, 133; and of the 
Heavens as ſeen from any Planet, 154. 
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N. 


Natural Day, not compleated in the time that the Earth 
turns round its Axis, 222. 

New and Full Moon, to calculate the times of, 353. 

New Stars, 366; cannot be Comets, 367. 

New Stile, its original, 377. 

Nodes of the Planets Ordits their places in the Eclip- 
tic, 20. 

Of the Moon's Orbit, 317; their retrograde motion 

319. 

Nonageſimal Degree, what, 2 59. 

Number of Direction, 389. 


O. 


Objects, we often miſtake their bulk by miſtaking their 

diſtance, 185. ; 
Appear bigger when ſeen through a fog than through 

clear air, "and why, ibid. this applied to the ſolution 
of the horizontal Moon, 187. 

Oblique Sphere, what, 131. 

Olympiads, what, 323. . 

O- bits of the Planets not ſolid, 21. 

Urreries deicribed, 397, 398, 399. 


P. 


Paralax, Horizontal, what, 190. 

Paz ailel Sphere, what, 131. 

Path of the Moon, 26 5—267 
Of Jupiter's Moons, 209. 

Pendulums, their Vibraung {lower at the Equator than 
near the Poles proves that the Earth turns on its 
Axis, 117. 

Penumbra, what, 336. 

Its velocity oh the Earth in Solar Eclipſes, 337. 
Period of Kell ſe, 320, 326. 

Fhaſes 77 tie Aucon, 255 

Planets, much of the lame nature with the Earth, 11. 
Some have Moons delonging to them, 12. 

Move al the lame way as een from the Sun, but not 
as {zen from one another, 18. 
Tbeir Moons denote them to be inhabited, 86. 
Planets, 


P, 


R, 
R. 


IL 
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Planets, the proportional breadth of the Sun's diſc, as 
ſeen from each of them, 87. 

Their proportional bulks as ſeen from the Sun, 88, 

An idea of their diſtances from the Sun, 89. 

Appear bigger and leſs by turns, and why, go. 

Are kept in their Orbits by the power of gravity, 101, 
I 50—1 5s. 
Ther metas very Irregular as ſeen from the Earth, 
137. | 
The 8 motions of Mercury and Venus deli- 
neated by Pencils in an Orrery, 138, 

Elongations of all the reſt as ſeen from Saturn, 147. 

Deſcribe equal areas in equal times, 153. 

The excentricities of their Orbits, 155. | 

In what times they would fall to the Sun by the power 
of gravity, 157. 

Diſturb one another's motions, the conſequence of 
it, 163. | 

Appear dimmer when ſeen through teleſcopes than by 
the bare eye, the reaſon of this, 170. 

Planetary Globe deſcribed, 402. 

Polar Circles, 198. 

Poles, of the Planets, what, 19. 

Of the world, what, 122. 
Celeſtial, ſeem to keep in the ſame points of the Hea- 
vens all the year, and why, 146. 

Projectile Force, 150; if doubled, would require a qua- 
drup'e power of gravity to retain the Planets in their 
Orbits, 153. | 

Is evidently an impulſe from the hand ef the Ar- 
MIGHTY, 161. 
Preceſſion of the Equinoxes, 246—251. 
Ptalemean Syſtem abſurd, 96, 140. 


R. 


Rays of Light, when not diſturbed, move in ſtraight lines, 
and hinder not one another's motions, 108. 

Are refracted in paſſing through different mediums, 171. 
Refieftion af the Atmoſphere, cauſes the T wilght, 177. 
Refratiinn of the Atmoſphere beuds the rays of Light from 

ſtraight lines, and keeps the Sun and Moon longer 
in ſight than they would otherwiſe be, 178. 

A ſurpriſing inſtance of this, 18 3. 
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Refrattion of the Atmoſphere muſt be allowed for in taking 
the Aititudes of the celeſtial bodies, :b1d. 
Right Sphere, 131. 


8. 


1 „ 


Satellites, the times of their revolutions round their pri- 
wary Planets, 52, 73. 80. 

Their Orbits compared with each other, with the Or- 
bits of the primary Planets, and with the Sun's cir- 
cumference, 271. 8 

What ſort of curves they deſcribe, 272. 

Saturn, with his Ring and Moons, their Phænomena, 
73, 79, 82. | 

The Sun's light roco times as ſtrong to Saturn as the | 
light of the Full Moon is to us, 85. 

The Phænomena of his Ring farther explained, 204. 

Our bl-jed Saviour, the darkneſs at his Crucifixion ſu- 
pernatural, 352. 

The prophetic year of his Crucifixion found to agree 
wich an aſtronomical calculation, 395. 

Sea ſons, different, illuſtrated by an eaſy experiment, 200; 
by a hgure, 202, 

Shadeto, what, 312. 

Syacreal Tine, what, 221; the number of Syderial Days 
in a year exceeds the number of Solar Days by one, 
and why, 222. 

An caſy method for regulating Clocks and Watches by 
it, 228. 

SMITH, ( Kev. Dr.) his compariſon between Moon-light 
and day-light, 85, 

H.s demduftrabon chat light decreaſes as the ſquare of 
the diſtance from the juminous body increaſes, 169. 

(Mr. GEORGE) his Diſſertation on the Progreſs of a ſo- 
lar Ecliple; following the Tables at 320. | 

Sciar Ajlr Fo eps tae judgement he might be ſuppoſed to 
make concerning the Planets and Stars, 135, 136. 

S here, parallel, oblique, and right, 131. 

[:s Circles, 198. 

I; 72 and Neap Tides, 202. | 

Sta: , their vat diftance from the Earth, 3, 196. 

Probably not all at the fame diſtance, 4. 

Sh ne by their own light, and arc therctore Suns, 7» 
wi DALY o other worlds, 8 8. | 
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Stars, a proof that they do not move round the Earth, 111. 


Have an apparent flow motion round the Poles of the 
Ecliptic, and why, 251. 

A Catalogue of them, 302» 

Cloudy, 365. 

New, 366. 

Some of them change their places, 367. 


Starry Heave s have the ſame appearance from any part 


of the Solar Syſtem, 132. 


SUN, appears bigger than the Stars, and why, 4. 


Turns round his Axis, 18. 


His proportional breadth as ſeen from the different 


Planets, 87. 

Deſcribes unequal arcs above and below the Horizon at 
different times, and why, 130. 

His center the only place from which the true motions 
or the Planets could be ſeen, 1 

Is for half a year together viſible at each Pole in its 
turn, and as long 1nviſible, 200, 294. 

Ts nearer the Earth in Winter than in Summer, 205. 


Why his motion agrees ſo ſeldom with the motion of a 


well-regulat-d Clock, 224—24. 

Would more than fill the Moon 5 Orbit 271. 

Proved to be much bigger than the Earth, and the 
Earth to be bigger than the Moon, 315. 


Sy/tems, the Solar, 17-95; the Prolemean, 96; the 


Tychonic, 97, 


# 3 


Table of the Periods, Revolutions, Magnitudes, Diſtances, 


Sc. of the Planets, facing 8 98. 

Of the Air's rarity, compreſſion, and expanſion, at dif- 
ferent heights, 174. 

Of refrattions, 132. : 

For converting time into motion, and the reverſe, 220. 

For ſhewing how much of the celeſtial Equator paſſes 
over the Meridian in any part of a mean Solar Day; 


and how much the ſtars accelerate upon the mean 


Solar time for a month, 221. 


Of the firſt part of the Equation of time, 2293 of the 


ſecond part, 241. 


Ot the prec ſſon of the Equinoxes, 247- 


Ot the length of Sydereal, Julian, and Tropical Years 
251. 
Of 
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Of the Sun's place and Anomaly, 
Of the Equation of natural 5% following 251. 
Of the Equation of Time, e 
Of the Conjunctions of the hour and minute hands of 
2 a Watch, 2064. 
Of the Curves deſcribed by the Satellites, 272. 
Of the difference of time in the Moon's riſing and 
ſetting on the parallel of London every day during 
her courſe round the Ecliptic, 277. 
Of the returns of a Solar Eclipſe, 320. 
Of Eclipſes, 327. | 
For calculating New and Full Moons and Eclipſes, 
following 1 5 
Of the Conſtellations and number of the Stars, 362. 
Of the Jeu iſb, Egyptian, Arabic, and Grecian months, 379. 
For inſertipg the Golden Numbers right in the Calen- 
dar, 386. | 1 | 
Of the times of all the New Moons for 76 Years, 387. 
Of remarkable Aras or Events, 396. 
Of the Golden Numder, Number of Direction, Do- 
minical Letter, and Days of the Months, following 
6. 
8 Eelipſe, 323. 
THucyDiDEs's Eclipſe, 324. 
Tides, their Cauſe and Phenomena, 295—311. 
Tide-Dial deſcribed, 404. | 
Trajectorium Lunare deſcribed, 403. 


Tropics, 198. 


Twilight, none in the Moon, 254. 
Tychanic Syſtem ablurd, 97. 


"bs 


Univerſe, the Work of Almighty Power, 5, 161. 


Up and &9wn, only relative terms, 122. 
Upper or under ſide of the Earth, no ſuch thing, 123. 


V. 


Velocity of Light compared with the velocity of the Earth 


in its annual Orbit, 197. | 
Venus, her bulk, diſtance, period, lengt'! of cays anc 
nights, 26. ; 


Venus 
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Venus ſhines not by her own light, ibid. 

Is our morning and evening Star, 28. 

Her Axis, how ſituated, 29. 

Her ſurp l iſing phenomena, 29—43. 

The inclination of her Orbit, 45. 

When ſhe will be ſeen on the Sun, 2b:d. 

How it may probably be ſoon known if ſhe has a Sa- 
tellite, 46. | 

Appears in all the ſhapes of the Moon, 23, 141. 

An experiment to ſhew her Phaſes and apparent Mo- 
tion, 141. | 


Viſion, how cauſed, 167, 


w. 


Weather, not hotteſt when the Sun is neareſt to ue, and 
why, 205. | 
Weight, the cauſe of it, 122. 

Morla, not eternal, 164. 


2 


Year, 370. Great, 251. Tropical, 371. Sydereal, 372 
Lunar, 373. Civil, 374. Biſſextile, ibid. Roman, 370. 
Fewiſh, Egyptian, Arabic, and Grecian, 378, 379; bow 
long it would be if the Sun moved round the Earth, 
111. | 


Z. 


Zodiac, what, 360. 
| How divided by the ancients, 361. 
Zones, what, 199. | 
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